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Anti-Submarine Weapon System “RAT” 


The Navy RAT anti-submarine weapon 
system aims and launches missiles that 
seek out and destroy enemy submarines. 
Librascope designed the fire control sys- 
tem for RAT and assisted the navy in 
ship-board system integration. The RAT 
fire control receives information from 
_ target locators and automatically aims 
i sets RAT for a “kill’’. Its computers 

@ the ideal position for a missile 

the target. When the missile 

it travels through the air 

he water where it attacks 


ER pe ‘ 9 


...a-new anti-submarine weapon... 
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The background of more than twenty years of design, 
development and manufacture of computers, controls and 
instrumentation are inherent values in all Librascope prod- 
ucts. This experience and versatility in electronic, magnetic, 
mechanical and optical design concepts make for a new 
kind of reliability. Whether components or complete sys- 
tems, Librascope can point to notable achievements. Let 
Librascope solve your computer problem. An inquiry on 
your letterhead will bring further information. 


LIBRASCOPE INCORPORATED -. 808 WESTERN AVENUE + GLENDALE, CALIFORNIA 
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Now...Stepless control of Electric Heat Input 


gga, 


with L& N’s(iewC.A.T. control system 


If your process uses electric heating equipment 
and your product is off-temperature due to cy- 
cling of heating elements at high temperatures... 
if excessive downtime and expensive replacement 
of worn-out contacts cut down production time 

. it'll pay you to learn about L&N’s new Cur- 
rent-Adjusting Type control] for continuous, ef- 
ficient power output in saturable core reactor 
systems. 

Already in use on applications like crystal 
growing and strip annealing, this control permits 
stepless regulation of power output over the 
entire operating range of saturable core reactors. 
Its rapid speed of response matches rapid changes 
in product temperature. The wide range of ad- 
justment of proportional, reset and rate actions 
facilitates tuning the system to your process, 
product and production. 

C.A.T. control is a complete system consisting of 
(1) a primary element, (2) Speedomazx® recorder, 


CIRCLE 4 ON READER-SERVICE CARD 


(3) C.A.T. control unit, and (4) a magnetic am- 
plifier and saturable core reactor. 

Heart of the system is the C.A.T. control unit. 
Any temperature change, detected by the primary 
element and measured by the recorder, is fed to 
the control unit. Continuous d-c output of the 
unit over 0 to 5 ma range drives a magnetic am- 
plifier. The d-c output of the magnetic amplifier 
is fed to the control windings of a saturable core 
reactor for continuous regulation of power input 
to the process. 

If you’re modernizing your present electric proc- 
ess equipment or installing new—make use of our 
wide experience in providing temperature control 
systems for thousands of applications. For more 
information, contact your nearest L&N sales office, 
or write us at 4918 Stenton Ave., Philadelphia 44, 
Penna. Ask for Data Sheet ND 46-33 (107). 
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Reliable 


SILICON 
RECTIFIERS 


have won the confidence 
of users throughout 
the industry 


SPECIFY THEM for all missile and 
other highly critical applications calling for 
uniformly dependable performance. 


Raytheon Solid State Diffused Junction Silicon Rectifiers pro- 
vide the precise junction gradient for specific applications. They 
have flat junctions for uniform control of characteristics. Look 
at the charts and the tests. See for yourself why so many users 
have standardized on these reliable Rectifiers. 


Pe Rectited Soot 
lnverse Current (max.) at PIV 
Volts Amps. (150°C) pA 
1N536 50 0.25 
1N537 100 0.25 
1N538 200 0.25 
1N539 | 309 0.25 
1N540 400 0.25 
1N1095; 500 0.25 
600 0.25 


“Type 


(a2, 


Raytheon Silicon Rectifiers easily pass these important environmental tests: 
Temperature: every rectifier is cycled 8 times from —55°C to +150°C 


Samples are tested for: Operating Life: 1000 hour and 4000 _—_ Salt Spray: 96 hours 


Mechanical Shock: illi- hour tests at 250mA, 150°C and rated : ; 
come par emt hciwets PIV. 1000 hour and 4000 hour tests Centrifugal Force: 20,000G 
Thermal Shock: —65°C to +100°C at 750mA, 25°C and rated PIV. . Vibration Fatigue: 10G 


Storage Life: 500 hours at 175°C Moisture Resistance: per MIL stand- Drop: 30” on maple block, per MIL, 
500 hours at —65°C ard 202, method 106 19500A 


Readily available in production quantities. Write for Data Sheets. 
) SEMICONDUCTOR DIVISION Esonteinec team tee Die 
Needham Heights, Massachusetts CHICAGO: 9501 Grand Ave., Franklin Park, NAtional 5-6130 
SILICON AND GERMANIUM DIODES AND TRANSISTORS + SILICON recTiriers | %OS ANGELES: 5236 Santa Monica Bivd., NOrmandy 5-4221 
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65 A Team Reports on Control Inside Russia 
W. E. VANNAH of Controt Encineerinc and eight other U.S. control engine: 
report on the status of automatic control in Russia. As representatives of the American 
Automatic Control Council, the team recently returned from a 16-day visit to Soviet 
control makers, users, and research labs. Each man tells of progress in his field of interest 


Electronic Process Control Systems 

H. R. KARP of Contror Encrveerinc presents the first comprehensive report on elec- 
tronic process control systems and electrically-signaled valve actuators. With four new 
electronic systems and several actuators introduced at the recent ISA show, interest is at 
a peak. Article covers background common denominators and equipment characteristics 


A New Double-Integrating Accelerometer 
K. E. POPE of Integrated Dynamics introduces a new torsion reaction accelerometer that 


does away with two stages of electronic integration while providing a pulse-train output 


Data File 21—Electronic Standards for Industrial Equipment 
GENERAL MOTORS ELECTRONICS COMMITTEE recommends these standards 
be used to insure safe and dependable operation of electronic equipment in a plant. 


Digital Computers Grow in Great Britain 
K. TYLDEN-PATTENSON and G. M. E. WILLIAMS of PE Management Group, 


Ltd., London outline the status of Britain’s expanding digital data processing industry 


How to Design Wide-Band Constant-Phase-Shift Networks 


R. WHITE of Hoffman Electronics Corp. describes a circuit that maintains constant 
phase and amplitude over a wide frequency range; first used in a speed-control system. 





Programmer Performs Quick-Fix on Own Failures 


L. KLEIGER of American Machine & Foundry tells about a missile-launching controller 
that not only detects faults in its internal operation, but also makes a temporary repair. 


Measuring Phase of Distorted Signals 


B. BARRON of Magnetic Amplifiers, Inc. reveals a new phase analyzer that permits very 
simple determinations of effective phase shift, even with excessive wave form distortion. 


Processing Data from the Open Hearth 


R. H. BAULK of Samuel Fox & Co. (England) points out the advantages of digital 
data processing systems for collecting and analyzing data from open-hearth furnaces 


Continued on 
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18 What’s New in the Control Field 
New role for electronics in process control seen at ISA exhibition in Philadelphia. 
Infrared eye improves accuracy of missile launch position data at Cape Canaveral. 
High-temperature measuring techniques at NBS mean new ideas and instruments 
Better interface detection gear needed for pipeline control, Dallas AIEE is told 
Computers invade steel show, industry shows interest in newest control systems 


Control Personality—ALEXANDER M. LETOV 


Leading Soviet theoretician devotes his life to studying the stability of control systems 


Industry’s Pulse—Can Soviet Capture International Market? 


Although still way behind us, Soviet control growth presents a major future challenge. 


Editorial—What Would You Report on Control Inside Russia? 


A team with varied interests presents a balanced report on the status of Russian control 


New Product Developments 


Process control computer acts as data processor, operating guide computer, or controller 


Abstracts of Technical Papers 


New technique makes it possible to simulate sampled-data systems on analog computer. 
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NEW CMC DUAL PRESET COUNTER FOR LOE soa MODES OF OPERATION 
coil winding ... motor speed control . . . shearing to length gS ee 

... batching, packaging, and stacking by number . . . vari- i as 
able pulse interval generation . . . process programming . . . f = al 
measurement of elapsed time between selected number of i @ | \ 
events ...and used with a CMC frequency meter, very \ 

accurate frequency measurements. ee 


le With RECYCLE switch in the OFF posi- 
tion, output information is obtained at both 
the first and second preset selections but 
the counter continues to totalize, until the 
maximum count capacity of the instrument 
is reached. The counter then resets to zero 
and repeats the cycle as above. 





wecroe 


Model 324A 





2. With RECYCLE switch in the A posi- 
tion, (a) output information is obtained from 
the Achannel and the instrument recycles on 
A. (b) If the B channel selected number is less 


Only CMC's new a TS 
Dual Preset Counters have 


to the A channel selection as above 





a With RECYCLE switch in the B posi- 
tion, (a) output information is obtained from 
the B channel and the instrument recycles 
on B. (b) If the A channel selected number is 
New CMC Dual Preset Counters provide output less than the B = — the unit pro- 
information at any two pre-selected counts within the Vides Seige Eivermeten ot A and continues 
: - on to the B channel selection as above 
capacity of the unit up to 40 kc. Input pulses are 
obtained from any standard transducer. With an 
0.05 v rms input sensitivity, external amplifiers are 
seldom necessary. 
CMC’s unique digit circuitry prevents miscounting and 
extends the capacity of the instrument beyond its 
apparent range — in some applications, a 4 decade 
CMC instrument offers the same operating performance a, With RECYCLE switch in the A & B 
as Other 5 decade types. position, the instrument provides output in- 
formation and recycles alternately on the 
KEY SPECIFICATIONS A & B channels. For example, when the unit 
DECADES 3, 4, 5 or 6 © COUNT CAPACITY Up to 1,000,000 a —- . ne - oe and when 
INPUT FREQUENCY To 40 ke ® OUTPUT Pulse and relay simul- io Ldeet tor mt A agate ~ a 
taneously © OPTIONS Rack mount, 400 cps operation, 5 digit spaced ia é — 
mechanical register, 5 mv preamp, digital printer or inline read- ; 
out output © PRICE 3 decade $615; 4 decade $715; 5 decade $815; 
6 decade $915 





CMC engineering representatives 
are located in principal cities. 
After you've checked the key 

specifications, give your nearest 
CMC representative a call. 
He'll be happy to arrange a 
demonstration. For complete 
technical information, 

please write Dept. 0811 


Computer-Measurements 
Corporation A Subsidiary of Hancock Industries, Inc 


5528 Vineland Ave. * No. Hollywood, Calif. 
Phone STanley 7-0401 * TWX: NHOL 8290 
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MODEL DA-102 Wide-band, Low-level 
8 Chopper-stabilized, Differential DC Amplifier 
with very high open-loop gain unparalleled 
stability, high common mode rejection, wide 


band width. Bulletin 105801 
FULLY TRANSISTORIZED 
NO STEPPING SWITCHES + NO RELAYS cquennen baseac 


versible voltage-digitol converte 
onywhere fully transistorized 
ments up to 25,000 conversior 
to-digital; up to 100,000 digitol-t 
Bulletin 95805 


@® VERSATILE ccurately measures both re- 
sistances and AC-DC voltages and counts external events, 
too! Directly drives printers, punches and memory storage 
units and can be directly used as a bi-directional tele- 


meter 


e FAST less than 2 millisecond reading time . . . up 
to 100 completely independent measurements per second 
MODEL B DATRAC. Still highest speed v 
for any system use digital converter on the market 
to 44,00 


e 05%, = % least significant bit o 
®EASY TO READ in-line, in-plane visual — UFC 
display ... lamp life up to 10,000 hours numerals 1’ 
inch high ... automatic indication of polarity, decimal point 
and mode of operation. 


True dependability and versatility have at long last come 
to digital volt-ohm meters in EPSCO'S new DVOM. Fully DYKOR High-speed Photoclectric Res! & 
transistorized ... adjustment-free ...no stepping switches or oa elon ee tg en ty de Aang 


ters per second less thon 


oc 


relays. Provides precise numerical measurement of AC-DC ompliers. Bulletins 98803 and 95804 
voltages, resistances . . . fast, accurate visual or printed 
quality control data . . . high-speed data acquisition for 
direct print-out or storage . . . remote indication and data 
transmission over a single line. Compact, lightweight, port- 
able — also for rack-mounting. Write for Bulletin 95801, 
Epsco, Inc., Equipment Division, 588 Commonwealth Ave., 
Boston 15, Mass.; in the West: Epsco-West, 125 E. 
Orangethorpe Ave., Anaheim, California. 


VGN pried « o.. veces cassinescces GAAS 


Ask for a demonstration. 


CREE Re nose nnn anes eVeeesS 


VR-607 Precision Voltage Reference Source. 

Certified standard cells, oil-immersed tra 

stoble resistors 30 

stabilized omplif 
111 
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Varian 


STRIP 
CHART 


Recorders 


Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
an the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $340 for the G-10 
and $450 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


WRITE TODAY FOR COMPLETE 
SPECIFICATIONS AND STANDARD OPTIONS 


RERESESSS= 
® VARIAN associates 
we | INSTRUMENT DIVISION 

‘ ; ; : —< 4 | : : 
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SHOPTALK 


Stop the presses 


Normally, publishing a monthly magazine is a pretty 
methodical process, but every once in a while something turns 
up that completely upsets the applecart, making the editors 
suddenly feel that they’re working on a weekly or even a daily 
publishing schedule. For months we'd been planning to 
bring you the special insert covering the benefits of moderni- 
zation through instrumentation and automatic control in this, 
the November, issue (see previous Shoptalks) , and a report 
on electronic process control systems in December. But then 
Editor Bill Vannah and his team returned from Russia loaded 
with info on the status of Russian control. We didn’t have 
any space until December, but the information had to be 
presented immediately. The question: what to do? 


The team comes through 


There was only one solution: push off the modernization 
insert to December and run special reports on control inside 
Russia and electronic process control systems in November. 
By special delivery, telegram, and phone, team-leader Vannah 
obtained the reports of the other team members (a task that 
could only be accomplished with their complete cooperation), 
organized his own copious notes, and prepared the compre- 
hensive look at Russian control starting on page 65. 


He could have worked all night 


But what of the article by Associate Editor Harry Karp on 
electronic process control systems, originally scheduled for 
December? Informed of the change on a Friday night, Harry 
worked Saturday, Sunday, and until the wee hours on Monda\ 
and Tuesday nights | 
to add the finishing 
touches. He was just 
about done when L&N 
announced that it, too, 
had a new system. Here 
Harry gets the low- 
down from L&N’s 
F. H. Chan. 


Incidentally: the pages of the Vannah and Karp 
articles are perforated; take them out and file them 


Control computers show up 


Two September exhibitions—the ISA show in Philadelphia 
and steel show in Pittsburgh—demonstrated that both control 
makers and users feel the process control computer is rapidly 
gaining acceptance (see What's New, pages 18 and 38) . This 
is a switch from a year ago when only two or three makers and 
CtE preached the practicality of computing control. 





NEW... first truly linear 


rotameter flow transmitter 


Another milestone. The new Brooks MPT-50 Transmitter 
gives a fully linear pneumatic signal based on 

true flow rate, not simply float position. The MPT-50 

is unique; it increases the accuracy of a 

transmitted flow signal. Accuracy to 1% is 
attainable based on air output versus actual 

flow rate. 


Extremely low flow ranges are also within 
the scope of the MPT-50. You can 

go down to 50 to 500 cc/min. with 

the same dependable transmission. 


+ 
} 


Write for Spec. Sheet SS-170-1. — 47 
rae | 


1 * MRS | 
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BROOKS ROTAMETER COMPANY 


858 I STREET 
LANSDALE, PA. 


Specialists in Complete Rotameter Instrumentation 
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|| SILICON PNP TRANSISTORS 
NEW FROM SPERRY | | _FOR AIRBORNE AND 


MISSILE APPLICATIONS 





























Five new Sperry silicon transistors, made by the alloy junc- For complete electrical characteristics of these new Sperry 
tion process, offer important advantages for general-purpose PNP transistors, write for data sheets. 
and switching circuits in missile and airborne applications. 


be ae — ee SPERAY seme use SEMICONDUCTOR DIVISION 
® High-temperature ® Light, ruggedized design SPERRY RAND CORPORATION 


operation South Norwalk, Connecticut 
fu i , ® JETEC 30 (TO-6&) 

inn a ssrumrentid ADDRESS ALL INQUIRIES: Marketing Department, Great Neck, 
N. Y., or Sperry Gyroscope offices in Brooklyn, Cleveland, 
Seattle, San Francisco, Los Angeles, New Orleans, Boston, Baiti- 
more, Philadelphia. 


® High conduction 
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| FEEDBACK 


Rightfully puffs chest 
To tHe Eprror— 

We were extremely interested and 
pleased in the article in the June is- 
sue of ConTROL ENGINEERING regard- 
ing instrumentation at Cape Canav- 
eral. In particular, we are pleased 
to note that the Giannini Co. was 
mentioned as one of the pioneers in 
digital data recording for radar equip- 
ments. As a matter of record, the 
equipment being used at Patrick was 
designed in the fall of 1952. 

You also mention the improved 
transistorized module which permits 
data to be recorded in a single punched 
tape with excellent reliability. Since 
it is not clear from your article, it 
should be mentioned that this im- 
proved model was also designed and 
manufactured by the Datex Div. of 
the Giannini Co. The improvements 
were made possible by the operating 
experience gathered by AFMTC per- 
sonnel, by the availability of reliable 
transistors at reasonable cost, and by 
the use of the new high speed tape 
punch manufactured by the Teletype 
Corp. 

Carl P. Spaulding, President, 
Datex Corp. 
Monrovia, Calif. 
Thank you. Next? Ed. 


Wants more on A-warehousing 
lo tHe Epiror— 


In the June 1958 issue of Controi 
ENGINEERING (page 73, Industry's 
Pulse), you refer to a number of 
articles relating to “the automatic 
warehouse’”’. 

Particular reference is made to an 
IBM system developed for a soap and 
drug manufacturer. Would you please 
advise where information on this sys- 
tem was published, or if you have a 
reprint of the pertinent article, please 
send me a copy and bill us accord- 
ingly. 

We would also appreciate any other 
information you may be able to point 
out in connection with automatic 
warehouses. 

M. Hoffman 
Designers for Industry, Inc. 
Cleveland, Ohio 


The mention of the IBM system 
was picked up on a trip and verified 
with IBM. Nothing has been pub- 
lished other than this mention. For 
information on other automatic ware- 
houses, see CtE, Mar., p. 20, and 
June, p. 21. We will publish a tech- 
nical article on automatic warehousing 
in January or February. Ed. 


BARBER 


COLMAN Petroleum Industry 


Product Research 




















Here’s a completely instrumented unit that plays an important 
part in major oil company research aimed at developing new 
products and improving existing ones. Known as a “Sarnia 
Fractionator,” it is a development of H. S. Martin Company, 
Evanston, Illinois. 


Upper recorder, with a 12 mv range, records and controls 
vacuum from atmospheric to .01 mm pressure while the lower 
recorder is a multipoint unit that reads and records various 
zone temperatures in the fractionating equipment. The two 
controllers at the upper left of panel ccntrol temperature of 
charge and product stream of the equipment. 


Ranges, control forms, and accuracies of all instrumentation 
in this installation are ideally matched to equipment needs to 
provide outstanding performance at realistic cost. The same 
qualities of process instrumentation experience and clear- 
headed practicality can be applied to your next job — just get 
in touch with your nearby Wheelco field engineer for details. 


BARBER-COLMAN COMPANY 
Dept. K, 1548 Rock Street, Rockford, Illinois, U.S.A 


BARBER-COLMAN of CANADA, Ltd., Dept. K, Toronto 


CIRCLE 11 ON READER-SERVICE CARD 
NOVEMBER 1958 





instrumentation Aids 


For faithful service 
they chose FISHER 
and CONTINENTAL 


Controls 


Up near the Yukon they can’t 
afford control failure delays! 


One of the most important and unique events in gas processing is 
now making history along the West Coast of North America. The 
processing heart of a vast new system of pipeline operations covering 
the western United States and Canada has just been completed and 
is now in operation at Fort St. John in northern British Columbia. 


When the choice of controls came to a point of decision, the need 
for unfailing service led the designers and contractors of the 
McMahon Refinery to Fisher Valves and Liquid Level Controls and 
Continental butterfly valves. 


The very location of the McMahon Plant in comparative isolation 
along the Peace River far from the usual service facilities dictated 
the choice of Fisher and Continental Controls for dependable day 
after day operation. 


MCMAHON GAS PROCESSING PLANT 
Fort St. John 
British Columbia, Canada 


PACIFIC PETROLEUMS LTD. 
West Coast Transmission Corp. 


Designed by 
STEARNS-ROGER ENGINEERING CO., LTD. 
Calgary, Alberta, Canada 


Capacity 
400,000,000 
cubic feet per day , 


VIF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY... 
FISHER GOVERNOR COMPANY 


Marshalitown, lowa / Woodstock, Ontario / London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsyivania SINCE 1880 
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A CONTROL PERSONALITY 


Alexander M. Letov 





a Russian thrives on control theory 


At the Automatics & Telemechanics Institute of 
the Academy of Science in Moscow, Russian control 
engineers and scientists study the theory of auto- 
matic and remote control, and apply the results of 
these theoretical studies to industrial problems. As 
deputy-chief editor of the magazine, Automatics and 
r'elemechanics, the institute’s deputy director, Alex 
ander Letov, reviews the broad field of Soviet control 
technology. And as one of the Soviet’s outstanding 
theoreticians in the control field, Professor Doctor 
Letov continues to make significant contributions in 
control systems research 

The 47-year-old Letov is good example of what 
the Soviet education system produces. He was 
selected to attend the University of Moscow, finish- 
ing work under the Mechanical & Mathematical 
Faculty in 1937. He specialized in applied mechan 
ics, majored under Professor Bulgakov. Upon grad 
uation, Letov received no degree, though he was 
given the title, Scientific Worker & Teacher of 
Mathematics & Physics for High School & Colleges, 
vividly demonstrating the Russian fondness for long, 
impressive titles. 

After graduation, he was assigned to the Scientific 
Research Institute in Moscow, where he concen 
trated on the theoretical aspects of gyroscope move 
ment. During World War II, he was transferred 
to a manufacturing plant, one that built instruments 
and automatic control equipment; here Letov served 
as a test engineer. While Letov worked at the in- 
strument plant, Bulgakov, his professor at the uni 
versity, suggested a number of problems for Letov to 
solve for the thesis which is required before a Rus 
sian college graduate receives his first official degree— 
the degree of candidate (equivalent to the master’s 
degree in the U'S.). 

Letov attacked these problems as part of his work 
at the plant. His thesis, “Theoretical Aspects of the 
Autopilot”, was completed in 1945 (published in 
1946), and earned for him the degree of Candidate 
of Physical & Mathematical Science. 

Despite his war-time exposure to practical control 
problems, Letov still preferred theoretical work. 
Even today, he shuns discussions on the use or de- 
sign of hardware. 

After the war, Letov returned to the Scientific 
Research Institute and switched his studies to non 
linear control systems. He carried on the work of 
the Russian scientist Lapunov, who had developed a 
method of investigating control system stability by 
using a differential function. But he (Lapunov) had 
never developed anything on how to construct these 


functions. By 1949, Letov had written a doctoral 
dissertation describing methods of constructing 
Lapunov functions. He successfully defended his 
dissertation in 1950 and it was published as a book 
shortly thereafter. For this he was awarded the 
degree of Professor Doctor of Physics & Mathe 
matical Sciences. Princeton Press is currently trans 
lating the book and will publish it early next year. 

By 1956, Letov had moved to the Automatics & 
Telemechanics Institute, changing his area of work 
slightly. Now he is working on a book that dis 
cusses optimum control system time transients. He 
expects it to be finished by early 1959. Whether 
it will be published or not depends on how the 
manuscript survives the tough Soviet screening proc- 
ess. The manuscript will be sent by the publisher 
to a number of experts in the field. Their identities 
are kept secret so that Letov cannot influence them. 
Before the book is approved for publication, says 
Letov, two of these “opponents” must accept the 
views expressed in it. If not, the manuscript goes 
unpublished. 

In Moscow, Letov leads a top scientist’s luxurious 
life, the special compensation offered by a grateful 
government. With his family—his wife, a daughter 
Tanya, 18, and a son Dima (short for Demetri), 9 
—he occupies a two-room apartment on the 17th 
floor of a brand-new 25-story building. His apart 
ment house is just a 10-minute drive over Moscow’s 
sparsely trafficked streets from the institute; Letoy 
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(Mr. Sprague and beard have recently returned 
from a visit to the U.S.S.R. with the 
Automatic Control Delegation. Herewith, some 
ramblings from the borscht circuit.) 


Subway read 
Moscow style 


The other day, when a group of us 
were on the way to the Hotel Ukraine 
via the Moscow subway, we ran into a 
serious type pouring over a volume ‘midst 
the swaying bodies. Intrigued by his con- 
centration, we asked through our inter- 
preter, what he was reading. The reply: 
a book on Automatic Control and Cyber- 
netics. Knowing that no one would be- 
lieve us, we snapped the above photo. 

Seriously, this incident symbolizes the 
intentness with which the Soviet appears 
to be focusing on the theory and applica- 
tion of instrumentation and control de- 
vices. It was my impression that their 
technology is moving rapidly and is not 
a “‘house of cards’’; rather it is soundly 
based on rigorous training in theory and 
application, as well as continuing em- 
phasis on the fundamental standards which 
are the cornerstone of all science. 

While ours was but a fleeting Cand 
Soviet-selected)) glance at an enormous 
country, I got the impression that—bor- 
rowing heavily from German and Ameri- 
can designs—the Russians have built an 
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instrument and control industry which, 
with a few old Lend Lease exceptions, is 
supplying their plant requirements. 

It would appear that the focus will 
continue to be on producing relatively 
standard instruments in large quantities 
to meet the tremendous demand created 
by their 5-year plans for rapid indus- 
trialization of the country. We were told 
that they anticipate the instrument and 
control industry to increase 2.8 times be- 
tween 1956 and 1960. 

But we got more than a hint of their 
relatively new interest in foreign markets. 
China, Czechoslovakia, India, Argentina 
and 26 other countries were mentioned. 
Using their hole cards of, (a) concentrat- 
ing large volume production of a single 
item in a single plant and, therefore, 
achieving rapidly decreasing costs and, 
(b) arbitrary manipulation of their ex- 
change rates, the U.S.S.R. can be ex- 
pected to be a rugged competitor on the 
international automation scene very soon. 

Should we shudder ? No, but I do think 
we should supplement the drive or mo- 
tivation (which has become rather jaded 
of late ) toward conspicuous consumption 
of washers, dryers, TV sets, et al, with 
a more individual concern for the care and 
feeding of our human resources. Let’s face 
it—this is a Brains Battle and we can 
work out solutions for the development— 
our way—of our people of talent only if 
we realize it is necessary. 

And, on the international competition 
issue, let’s do more of what comes natur- 
ally; i.e. continually obsoleting products 
by innovation and improvement . . . con- 
stantly posing ‘‘this model is better’ 
choices for customers here and abroad, as 
(commercial plug) we are trying to do 
here at Hays with, for example, this year’s 
new products: the Universal Recorder, the 
new 245 flow transmitter, the 913 BTU 
Recorder and a new approach to gas sam- 
pling systems. So let’s over-estimate the 
competition and rediscover our greatness. 
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Leraey .. 
Soviet Theoretician 


likes to do the driving himself. For 
summer living, he has a dacha (sum 
mer home) about 40 kilometers from 
his apartment. 

The wiry control engineer is an 
ardent sports enthusiast, prefers pat 
ticipating to watching. In the sum 
mer, his favorite diversion is swim 
ming—in a pool in Moscow, or in the 
Moscow River when he’s visiting his 
dacha. In the winter, he goes skiing 
at his dacha every Sunday. 

On first meeting the stecly-eyed, 
grey haired Letov, one gets an im 
pression of cold reserve. Part of this 
probably can be traced to traditional 
Russian distrust of strangers; part is 
undoubtedly Letov’s lack of familiarity 
with the English language—he can 
speak it, and read it, but he has diff 
culty understanding conversational 
English. However, once his initial re 
serve is swept away, the Soviet scien 
tist proves he has a keen sense of 
humor and a warm personality 

During a sightseeing trip in New 
York City, Letov sported this human 
side. At the famous Cathedral Church 
of St. John the Divine, he listened 
intently to a guide’s description of 
plans for additions to the church. 
When he heard that two towers were 
to be added, one named for St. Peter 
and the other for St. Paul, Letov with 
a sparkle in his eyes looked at a Rus- 
sian associate. “Just like him,” he said 
pointing, “He’s Peter Paul—but no 
saint!” 

In September, Letov came to the 
United States to attend the ISA Show 
in Philadelphia. It was his second visit 
to this country. His first trip had been 
to the AIEE meeting in Atlantic City 
in October 1957. His first-hand looks 
at U.S. control technology led him to 
conclude that Soviet and U.S. control 
theory is about on a par, but that there 
ire certain areas in which the Soviets 
have concentrated more heavily than 
have U.S. control specialists. ‘Typical 
examples of Soviet emphasis: the theo 
retical aspects of control system stabil- 
ity; application of random functions to 
control system theory. The U.S., says 
Letov, has put a heavier emphasis on 
some areas, too. One example: dj 
namic programming, the solving of 
function equations which describe 
processes in dynamic systems 

For the future, Letov predicts an 
even greater importance for automatic 
control techniques in industrial appli 
cations. He sees, for example, a great 
potential for digital computers in proc 
ess control. And he hopes to speed 
their use in the Soviet Union by con- 
tinuing his theoretical studies 
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Printed circuit construction Medel 310 Edison Omniguord with Model 311 Indicator — 
increases dependability. 


a single indicator can read ony number of temperature points. 


THOMAS A. 


EDISON 


new model 310 omniguard 
temperature monitor... 
unmatched for versatility 


Highes? quolity < 
see mtn with no . The new Model 310 Edison Omniguard provides the simplest, most de- 
moving ports, assure : , oie : a lean 
miniitenance: free eperation. Ss pendable temperature detection system yet devised...for both small and 
large installations 
The Omniguard system is reliable... flexible...economical. You order only 
the plug-in units needed, add new units as your monitoring needs expand 


Check these features of the new Edison Omniguard 

1. VERSATILE: One instrument can be used for both normally open and 
normally closed annunciator ...for alarm or for shutdown of equipment 

2. FLEXIBLE: Quick, inexpensive system changes and additions easy 
tie-in with any type annunciators or cut-off switches. 


3. DEPENDABLE: Rugged design with highest quality components, no 
fragile moving parts. 


4. SIMPLE: Single indicator reads any number of temperatures, needs no 
periodic adjustment. With a minute's briefing, anyone can operate the simple 
Easy access to all components permits quick temperoture Omniguard monitoring system. 
settings and monitoring system changes ~ at any time. 
5S. LOW COST: Plug-in units can be custom-tailored to yo 


r exact require- 
ments . . . order additional units only when needed. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 
38 LAKESIDE AVENUE, WEST ORANGE, N. J. 


EDISON FACTORY OFFICES ARE LOCATED IN: EVANSTON. ILLINOIS: DALLAS. TEXAS: DAYTON. OHIO: SHERMAN OAKS. CALIFORNIA 
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Above, left—The GPE Controls Electric Flow Transmitter, a completely new idea 
in flow signal transmission. Completely transistorized, without complex me- 
chanics, it transmits a high-level signal proportional either to flow or to differ- 
ential pressure. Precise measurement and signal transmission are first in im- 
portance in good control. 


Above—The Libratrol-500 Process Control System, made by Librascope and 
available to industry through GPE Controls, Inc., is developed around this 
highly reliable, rapid-response digital computer. It provides for a full range 
of process control—from accurate processing of data to provide understandable 
information to a human operator, to complete automatic control of an entire 
process or group of interrelated processes. 


Left—One of many GPE Controls Electrohydraulic Valve Actuators that combine 
the speed and positive action of hydraulic valve operation with the flexibility 
of electrical control and signal transmission. 
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:¥émorrow is already here! 


What do you expect of tomorrow's automatic control systems? If you are 

looking forward to the advantages of computerized control systems . . . greater 

reliability in signal transmission . . . further localization of the control function, 
* with centralized supervision . . . better response of final control elements . 
sy. then for you tomorrow is already here. 


GPE CONTROLS, Inc. brings to industry computer controls, components, 
e,-and greater understanding of system dynamics — offered by several subsidiary 
companies of General Precision Equipment Corporation: Librascope for digital 
data-logging and closed-loop computer systems and associated components; 
Kearfott for high-performance hydraulic components and controls; Link Aviation 
for analog computer controls, product service, and manufacturing capabilities; 
Askania for more than 25 years of dealing with the control problems of industry. 


GPE CONTROLS, Inc. welds together all these industrial control capabilities 
and makes them directly — and immediately — available to you. 
Why not see what the engineers of GPE Controls can do for you? You'll be 
‘ . seeing this nameplate on the most exacting control-computer installations — 
soon and often. 
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Executive Offices and Midwest Regional Headquarters 
240 East Ontario Street, Chicago 11, Illinois 


0 
c 
Eastern Regional Headquarters and Hydraulics Division v 
1500 Main Avenue, Clifton, New Jersey - 
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Western Regional Headquarters 
40 East Verdugo, Burbank, California ORPORATIO 


... serving industry through coordinated precision technology 
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Engineers doffed their coats 
in turkish-bath temperatures 
of Philadelphia’s Conven- 
tion Hall. But the humid 
atmosphere failed to wilt 
their enthusiasm for displays 
of new electronic control sys- 
terms. Shirt-sleeved visitors 
crowded continuously around 
The Foxboro Co.’s exhibit, 
for example, to see the un- 
veiling of the solid-state, 
electronic Consotrol system. 





New Role for Electronics in 
Process Control 


Electronics steals the scene at 
13th annual ISA show. New 
electronic control systems, 
computers for control, and 
electric actuators imply wider 
use of electronic devices. 
Altogether at the Phila- 
delphia exhibition, makers 
turned out a record number 
of new products. 


PHILADELPHIA— 


After five years of almost making 
the grade, electronics has finally 
broken into the process industries in 
a big way. In Philadelphia’s steamy 
conventional hall in September, visi- 
tors to the 1958 ISA Instrument- 
Automation Conference & Exhibit 
saw electronic control devices dis- 
played on every side. And what was 
more, the users were animatedly talk- 
ing electronics, too. 

Having faced 12 months of reces- 
sion, control makers appeared ready 
to heed the advice of those econo- 
mists who have urged “new products 
to pull the country out of the business 
low”. Apparently a lot of makers de- 
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cided to break with tradition, reached 
into electronics for something really 
new. 

What caught the king-sized share of 
attention in Philadelphia were these 
three areas: 1) electronic process con- 
trol systems, 2) computers for con 
trol, and 3) electric actuators. All 
three seem to work together. Awed 
by the display, one user engineer tried 
to explain it this way: the new actua- 
tors must have been developed to go 
along with the new electronic con 
trol systems; and the new control sys: 
tems were probably being pushed by 
the suddenly heated interest in com- 
puting-control. 

Electronic control has had tough 
sledding because none of the old-line 
suppliers of process control offered 
such equipment. For almost seven 
years only Swartwout and Manning, 
Maxwell & Moore made electronic sys- 
tems. But at the show, four brand 
new systems were unveiled by com- 
panies that previously had promoted 
pneumatic systems heavily. They 
were Foxboro, Taylor Instrument, 
Minneapolis-Honeywell, and Leeds & 
Northrup. 

Before the show it had been pretty 
well known that the first three com- 
panies would unveil new electronic 


systems. But the L&N display was 
completely unexpected. A surprised 
M-H vice-president said he found out 
about it only when he saw the display 
going up on the Friday before the 
show opened. For a complete de- 
scription of all six systems, see the 
special report, “Electronic Process 
Control Systems”, starting on 

Nobody was predicting that elec- 
tronic control would push 
pneumatics into obsolescence. Rather, 
there was a new awareness that each 
has its proper place in process con- 
trol. Many of the new systems dis- 
played would not be available before 
1959. 

Furthermore, all this activity 
seemed to be only a beginning. It 
was learned at the show that both 
Bailey Meter and Fischer & Porter 
have also developed electronic con- 
trol systems, will announce them in 
the near future. 

¢Computing-control is hot—Along 
with electronic control, users were 
talking avidly about the potentials of 
computing-control. In fact, the re- 
ceptive talk almost overwhelmed the 
already enthusiastic suppliers of such 
devices. A new concept of how to 
use computers in the process indus- 
tries is rising. 
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Thermal-clectric valve actuator displayed at Swart 


vout Co. booth was a show stopper. The 


No’s” behind the device explained users’ interest 





Montgomery Phister Jr., director of 
engineering, Thompson-Ramo-W oold- 
ridge Products Co., explained this 
new approach at an ISA show clinic 
on digital computers. Phister sees 
three echelons of computers in use. 
At the top is a giant data processing 
machine that will handle all of a 
process company’s accounting, will 
schedule production based on orders 
received, inventory, and anticipated 
demand. It would send instructions 
to the second-echelon computer, 
whose job would be to control a com- 
plicated process such as a catalvtic 
cracking unit in a refinery. For this 
work, Phister envisions a general-pur- 
pose computer, about the size and ca- 
pacity of his company’s RW-300. 

For processes not as complicated, 
such as a fractionating tower, Phister 
sces a third-echelon computer. This 
mav be either an analog or digital de- 
vice. It will not have the capability 
nor cost as much as the second-eche 
lon device. 

¢ Users concede—At a technical ses- 
sion on computing-control, potential 
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Digital Data Logger marked B] Electronics’ entrance into the industrial 
process field. Device works in conjunction with fm transducers which set tongues wagging 
permit sending signals over long distances with little loss in accuracy. 


New Electrik Tel-O-Set system was the centerpiece of Minneapolis-Honeywel 
booth. Here's a closeup of flow liquid level nt 


‘ 


valve actuator can be seen behind 1 


users made two big concessions. First, 
a control engineer from the petroleum 
industry said there was no doubt that 
manufacturers could now supply a 
computer reliable enough to serve as a 
controller in the process industries 
Then a user from the chemical indus- 
tries said there was no doubt that con- 
trol engineers could supply the equa- 
tions necessary to program a computer 
for control. The only question remain 
ing, they agreed, was economic jus- 
tification. 

Meanwhile, on the floor of the shou 
visitors could see several new devel 
opments in computing-control gear 

> The Libratrol 500 was displayed 
for the first time by GPE Controls 
This machine is a modification of the 
Librascope LGP 30, redesigned to 
speed up arithmetic operations and 
to reduce access time. New input and 
output equipment has been added 
to the vacuum-tube, magnetic-drum 
device. An attractive feature: the 
price of $75,000 includes all input 
and output equipment (see page 129 
for a full description). 
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> An incremental computer offered 
by Genesys Corp. uses a disc memory 
his company has yet to sell one of its 
machines. A spokesman said that the 
price of the new computer, complete 


with input and output equipment, 
could run as low as $50,000 for a rela 
tively simple computing-control job 


Of course, the price would rise with 
an increase in complexity, and would 
depend, said Vice-president Geoffrey 


1 


how mucl 


Post, on company knew 
about the process to be controlled. 
If it has no idea of the mathematical 
equations defining the process, this 
company would | to first buy an 
experimental unit ound $100,000 
for a single column) to determine the 
relationship of variables, then buy a 
computer specifically tailored to do 
the job for considerably less ($50,000) 
If the process were well known—and 
slow enough to permit economical use 
of the Genesvs mputer—the user 


could skip the experimental step 


P An computer for process 
control was shown by Southwestern 
Industrial Electr Ss aA Com- 


rpose computer desigr for pr ss c 
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MODEL 410 
Weight 11 ounces 


Shown 4 size 


Unique jet construction permits pas- 
sage of particles as large as 200 mi- 
crons through both the first and second 
stages without malfunctioning. 


Other features include: 

Single source of oil in first stage elimi- 
nates possibility of unbalance or “hard- 
over” signals due to oil contamination. 


Second stage precisely controlled by a 
push-pull, frictionless, force feedback 
servo. 


Available with flows from 1% to 50 GPM 
in four sizes. 


For more information, write for Data 
File CE-567-1 


Raymond fttchley, Inc. 


i) Ba: £8 
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story starts 
on page 18 





Analog computer for process control was demonstrated by 
Industrial Electronics 


pletely solid state, the new device is 
accurate to within | percent. Sales 
Manager John Pink reported that the 
first installation has already started op- 
eration on a fractionating tower at 
Humble Oil’s Baytown (Tex.) Re- 
finery. On open-loop operation, it 
determines key variables in fraction 
ator efficiency. 

While touring the show, a visitor 
heard other plans for still more proc- 
ess control computers. ‘Typical ex- 
imples: Packard-Bell will modify its 
RICE computer—a real-time device 
currently being used by the Army 
Ballistic Missile Agency to plot missile 
flights—for process control. IBM has 
designed a process control computer, 
will announce it before the first of 
the year. Philco and L&N are making 
progress on a joint design (CtE, Oct., 
p- 50 

At the Daystrom, Inc. booth, Sys- 
tems Div. Manager Chalmer Jones 
reported that Daystrom’s first opera- 
tional information system—incorporat- 
ing a general-purpose computer—had 
completed its first nine weeks at the 
Sterlington Station of Louisiana Power 
& Light Co. without a single difficulty 
or failure. This was more ammuni- 
tion for computer-reliability pluggers. 

Packard-Bell’s plans and Genesys 
Corp.’s display have started process 
users thinking along a new channel 
in computers. Both of these machines 
are incremental devices; that is, they 
compute in steps, solving problems by 
integration. Inputs are increments 
instead of whole numbers, as in a 
general-purpose machine. The big ad- 
vantage of such devices is cost. Their 
advocates point out that even a tran- 
sistorized incremental computer can 
be built for much less than a vacuum- 
tube GP computer. Since user engi- 
neers now feel that economic justifica- 
tion may call the turn on computing 
control, this cost edge may give incre- 
mental devices an inside track. 

In the electric actuator field, the 
new Thermo-drive device displayed by 


Southwestern 


First installation is being used for open loop 


s; but later computer may close the loop 


Swartwout (CtE, Oct., p. 117) caused 
exceptional interest. Some viewers 
termed it the most radical develop 
ment in the process hardware field in 
In addition, it has this strik 
ing characteristic shared by all the 
other new actuators displayed: a com 
pact design. The unit fits into a neat 
package that takes up little room 

¢ New is the word—With exhibitors 
throughout the show, the key word 
was new. A complete list of products 
displayed for the first time in Philadel- 
phia would fill several pages Che 
new items ranged from computers to 
small hardware. Here are just a few of 
them: 

> New paper-tape punch, displayed 
by Precision Specialties. It boasts a 
speed of 27 characters per sec; costs 
$295. An accompanying product is a 
new optical tape reader with speeds 
up to 1,000 characters per sec. It costs 
about $1,000, can be used with strips 
of tape only. 

> Transistorized data processor and 
automatic data logger (Model 123 


vear’s. 


123), 
displayed by Systems Div. of Beckman 
Instruments. Big news about this 
machine is that it is standardized, 
can handle 80 percent of all data 
logging jobs with no modification. 
Another interesting fact: Beckman 
will rent it or sell it. Leasing is pos- 
sible, say Beckman spokesmen, be- 
cause of the standardization of design. 

> Noncontacting thickness gage, 
called the Gammascan, introduced by 
Nuclear Systems Div. of the Budd 
Co. It can measure thickness devia- 
tions as small as 0.001 in. Major ap- 
plication: for control rather than indi- 
cating. 

Reference differential pressure 
transmitter capable of operating in 
wide ranges up to 5,000 psi, exhibited 
by International Resistance Co. This 
new unit, marking IRC’s entrance 
into the instruments. field, measures 
to 4 percent accuracy. Biggest use is 
expected in military applications, par- 
ticularly accurate differential measure 
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SC-18-0.5 | 0-18 | 0-:05/.04| 4 "11356" 

SC-18-1 0-18 | 0-1 |.02] 2 "11356" 

SC-18-2 0-18 | 0-2 |.01] 1 "11356" 9. 
SC-18-4 0-18 | 0-4 |.005 . “113° a 
SC-36-0.5 0-36 | 0-05].08| . "11356" 5 
SC-36-1 0-36} 0-1 |.04| . "11356" 

SC- 36-2 0-36} 0-2 |.02| . , “113” 

$C-3672-0.5| 36-72 | 0-0.5|.15 |1. 452"| 1356" 

$C-3672-1 | 36-72| 0-1 |.08| . 3%"| 13° 

rots : Mode! SC-18-4-M 
Patent Pending #] 
(TUBELESS) ")  @ REMOTE PROGRAMMING at 1000 ohms per volt is 


ike provided. Remote programming allows mounting a 
Pas voltage control at a remote point 
=“ REMOTE ERROR SIGNAL SENSING is provided to 
aad maintain stated regulation directly at load 


ee CONSTANT CURRENT OPERATION: These units can 
SHORT CIRCUIT PROTECTED 5 be set up for constant current operation By nds in- 
ternal modification 


POWER REQUIREMENTS: 105-125 volts, 50-65 cycles 
400 cycle units: available 


OUTPUT TERMINATIONS: DC terminals are clearly 
marked on the front panel. All terminals are isolated 
from the chassis. Either positive or negative terminal 
of each DC output may be grounded. A terminal is 
provided for connecting to the chassis. The DC termi 
nals, the remote programming terminals and the re 
mote error signal sensing terminals are brought out 
at the rear of the unit 


















































REGULATION: 0.1% for line changes 105-125 volts 
at any output voltage in the range minimum to maxi- 
mum. 
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0.1% or 0.003 volt for load changes 0 to maximum 
(whichever is greater) at any output voltage in the 
range minimum to maximum 


RIPPLE: 1 mv. RMS. 
RECOVERY TIME: 50 microseconds 


STABILITY: (for 8 hours) 0.1% or 0.003 volt (which 
ever is greater). 


AMBIENT OPERATING TEMPERATURE: 50°C maximum 
Over-temperature protection provided. Unit turns off 
when over-temperature occurs. Power-on-off switch 
on front panel resets unit 


TEMPERATURE COEFFICIENT: Output voltage changes 
less than 0.05% per °C. 


SHORT CIRCUIT PROTECTION: No fuses, circuit 
breakers or relays! Designed to operate continuously 
into a short circuit. Returns instantly to operating 
voltage when overload is removed. ideal for lighting 
lamps and charging capacitive loads. 


OVER-CURRENT CONTROL: Can be set from 0 to 
120% of full load. Current is limited to preset value 
for any load including short circuit. 


SIRE 
> A at Fi 
5 yee Pasa Ag 


CONTROLS: Power-on-off switch, one turn voltage con 
trol, on front panel. Over-current contro! on rear of 
unit. Ten turn voltage control available on special 
order 
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Continuously Variable Output Voltage. No voltage 
switching 

Suitable for square wave pulsed loading 

Either positive or negative can be grounded 
Units can be series connected 

High efficiency @ Low heat dissipation 
Compact, light weight &! For bench or rack use 
Color: Gray hammertone. (Special finishes available) 


el 3 


a ae 
"* at” 


bs 


ORDERING INFORMATION: 


Units without meters use model numbers indicated in 
table. To include meters add M to the Mode! No. (e.g 
SC-18-1-M). 


*Rack adapter for mounting any two 8%” x 4%,” units is 
se available. Model No. RA2 is 5%” high 19” wide. 
K = Fe hc *Rack adapter for mounting any one 8%” x 4%,” unit is 
‘A available. Model No. RA3 is 5%” high 19” wide 
LABORATORIES, INC. AN 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS 


4 KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y. POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
INDEPENDENCE 1-7000 AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 
SEND FOR BROCHURE B-587 


Se an ay 
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LOOKING 
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TRY 
THIS 
NUMBER 








The Advance type SV Sensitive 
Relay (shown at right) is 1%" high 
x 2%" long x 2's” wide. Also avail- 


Advance type SV relays are 
ultra-sensitive, yet durable— 


able is the type SO Miniature Sen- 
sitive Type, 1/2” high x 1%” long 
x 1%” wide. 


dust-tight, yet fully adjustable. 
Contacts and all working parts 
are protected by a transparent 





nbedisie Av icaue molded plastic cover. 


Coil resistance: From .005 Ohms at .005 volts DC to 
40,000 Ohms at 14.0 volts DC. 


Nominal power required: Factory adjusted at .005 watts. 


Contact rating: 1 amp resistive, .5 amps inductive at 115 
volts AC or 26.5 volts DC. 


Contact arrangement: SPDT only. 


Sensitivity can be adjusted 
from the 5-miiliwatt factory 
setting by turning the vernier 
screws. Use the type SV in 
any DC circuit where power 
consumption is limited to a 
few thousandths of a watt. 








Available from leading distributors 


WRITE FOR COMPLETE DETAILS 
Data sheets on the SV Sensitive Relay and the SO Miniature 
Sensitive Relay will be sent promptly. 


A PRODUCT OF ELECTRONICS DIVISION 
HIQMELGIN NATIONAL WATCH COMPANY 
Dept. F, 2435 N. Naomi St., Burbank, California 
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| | WHAT‘S NEW 


ments under a high static head. Price: 
$500. 

> New recorder-controller designed 
especially for computing control, dis- 
played by Bristol Co. It features a 
third pointer that is set from a com- 
puter signal to indicate the set-point 
calculated to be optimum. 

> Digital data logger, previewed by 
BJ Electronics Div. of Borg-Warner. 
The 100-point machine is designed to 
put to work techniques B-J had per- 
fected for the military. 

* Reports on Russia—For those who 
staved at the show until the very end 
there were two bonus sessions, intro 
duced at the last minute In one, 
four of six visiting Russian control 
engineers presented papers describing 
aspects of instrumentation in the So- 
viet Union. In the other, three mem 
bers of the American Automatic 
Control Council discussed their Rus- 
sian tour. 

Speaking of Russian accomplish 
ments in instruments were A. M. Pe 
trovsky, specialist in information the 
ory, who described a new utility telem 
etry system using delta modulation; 
A. M. Letov, deputy director of the 
Institute of Automatics & Teleme- 
chanics, who described a mathematical 
technique for determining stability of 
nonlinear systems; A. B. Chelustkin, a 
specialist on steel instrumentation and 
control, who discussed gaging systems 
for the steel industry; and B. N. Nau 
mov, who reported results of analytical 
work in computing-control. Naumov 
said the Russians are now ready to set 
specifications for a computer but had 
not yet chosen a process to control. 

Reporting first-hand on some of 
what they saw in the Soviet Union 
were W. E. Vannah, editor of Con- 
TROL ENGINEERING, N. Cohn, Leeds 
& Northrup Co., and P. S. Sprague, 
Hays Corp. Vannah, who headed the 
13-man AACC delegation, started the 
session by reviewing the itinerary of 
the group. Cohn followed with a de 
scription of instrumentation systems 
the group had seen in actual use or in 
industrial exhibits. Sprague discussed 
some of the aspects of Russian instru- 
ment plant management. (For a more 
complete report, turn to page 65.) 

Watching the exhibitors clean up 
their displays at the end of the show, 
exhibit manager Fred J. Tabery re- 
marked that the 1958 meeting had 
seen the biggest ISA show in history, 
bigger by 8,000 sq ft of display space. 
Most of those who attended were will 
ing to agree that it also had been one 
of the most interesting from an engi- 
neering view. 





CLIFTON PRECISION can give you what you want 


Pees 7 PRECISION 
COMPUTING 
RESOLVERS 


Size 8 ACCURACY 


Wt. 32 groms 


Without any compensation or balancing, 60% of a recent 
Diam.: .750 in. 


production run of our precision computing resolvers showed 
functional errors of under .03% Ninety-five percent of the units 
showed under .06% error. 

Perpendicularity of axes is held to one minute of error in 
90 degrees, or +3’ on the full circle. Due to extreme 
symmetry of rotor and stator, nulls ore excellent 
Low phase shifts are an added feature 


VERSATILITY 


Many types of Clifton Precision computing resolvers are 
offered including 
e Sizes 8, 1] and 15 
Stainless steel housing and bearings (corrosion resistant) optional 
450°F High Temperature Units 
The following compensation available in any or all units: 
Resistive 
Feedback Winding 
Thermistor 


Size 11 
Wt.: 90 grams . 
Diom:: 1062 ins. Units suitable for use with transistors 


Pin or screw terminals or lead wires 
BuOrd type shofts available 
BuOrd MK 4 Mod 0 brush block configuration available 


PRICE AND DELIVERY 


Rotary Components are our business. We have studied the 
efficient manufacture of synchros and resolvers for many years 
—with results that have enabled us to lower traditional prices 
substantially in the past. We ask you to review what you are 
paying for precision computing resolvers 

Early delivery has been further insured by our new facility at 
Colorado Springs, Colorado, which approximately doubles our 
capacity to produce high accuracy rotary components 

For many types of our resolvers we are already tooled and 
can make surprisingly quick delivery 

When you need any rotary component—resolver, synchro 
or motor, quantity or short run, think of CPPC 

Call or write Sales Department, Hilltop 9-1200 
(Suburban Philadelphia) or our Representatives 





Wt.: 160 grams 
Diam.: 1.437 ins. Role] ae fe) 


Cppe 


FOR SYNCHRO PROGRESS 
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fast response 
servo amplifier 
transistor-magnetic | 
small size + light weight 
“built in” stabilization | 





Suitable for use where specifications | 
for low-power instrument servos call | 
for small size, high gain, and high | 
performance. ae 








Voltage Gain: 2000 max. .......... 
: 900 max. ............ 
adjustable by external ¢esis- 
tor over 50:1 ran 
— Time: i cycle of sup- 


ply frequency 

Zero drift over ambient Tem- 
perature Range (—55°C 
+100°C): Less than +5% 
of rated output voitage 

Inherent servo stabilization at 
velocity constant of 100-200 

Power ly: 115 Volts + 
10%, cps + 5% 


Send for Literature 
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Infrared 
Eye 


On-target 
indicator 


. - improves accuracy of position data at missile launch, substi- 
tutes for photographic and radar tracking during crucial period. 


CAPE CANAVERAL— 

New infrared tracking gear gives 
“second sight” to ground radar dur- 
ing the launching of missiles at the 
Air Force Missile Test Center. The 
new device, developed by RCA Serv- 
ice Co. engineers William Schupp 
and Charles Layne, improves the ac- 
curacy of launch position data, per- 
mits trackers to get an angular track 
not possible with other instrumenta- 
tion. The new equipment was first 
used during the unsuccessful launch 
of the Army’s Explorer V at the end 
of August; the IR tracking eye, built 
by Barnes Engineering Co., has been 
operational since. 

Precise position data at time of 
launch has always been difficult to get. 
Dust and smoke swirling around the 
missile frequently hide it from photo- 
graphic cameras. And ground’scatter, 
reflections of the radar beam bounding 
off the ground instead of the missile, 
affect radar. 

Main job of the new high resolu- 
tion IR tracking system is to supply 
data during the period when radar in- 
formation is degraded by ground clut- 
ter. Unencumbered by takeoff dis- 
tractions, the IR tracking can handle 
the large amount of energy emitted 
in the near infrared spectrum by the 
exhaust flame. The tracker is zeroed 
in on the hottest point in the plume 
of the missile, then locks on and 
follows it. That means, for example, 
that the IR can be pinpointed on a 


spot, say 10 ft to the rear of a missile 
exhaust emitting a 40-ft flame. 

This leads to another advantage of 
the IR gear: increased accuracy. Th« 
IR equipment is always zeroed in on 
the same point in the missile exhaust. 
Radar, on the other hand, continually 
jumps up and down the full length 
of the “bird”, seriously depreciating 
the accuracy of launching data. 

One limitation of the new gear is 
that it’s blinded by cloud 
clouds effectively shield out the infra 
red radiation. If this happens, the 
tracking system is switched back to 
radar tracking (ground clutter is rarely 
a problem by the time cloud cover is 
reached) by the IR equipment oper 
ator watching the launch on closed 
circuit TV. 

¢ Design specifications The IR 
tracker consists of two major units; 
an optical receiver and an electronic 
unit. The optical receiver weighs 22 
lb, is mounted on a camera bracket 
on radar antenna. 

Initial specifications for the IR 
tracking gear were so severe they ruled 
out standard systems that had been 
previously developed for infrared view 
ing. Three critical requirements: 
0.25 mil accuracy (later tightened to 
0.01 mil); a wide total field of view 
4 deg by 4 deg; and error signal time 
constant of 400 microsec. 

It was the combination of these 
three that made conventional equip- 
ment unusable. Normally IR trackers 


cover 
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Eastern’s Time-Modulated Servovalve utilizes the principles 
of pulse-length modulation. Type E SV-105-200R is a 
solenoid-driven, single-stage electrohydraulic valve that 


completely eliminates Aysteresis and threshold effects. 


Other major advantages of this PLM type valves are: 


e@ High performance with 40° micron filtration. 





@ High frequency response. 
e@ Elimination of hydraulic pre-amplifier yields 


Pacem hele tiliemsiilelce mr lelemeece ites mae a : , 
8 y ? reduces cos For full technical information on 


Eastern Servovalves, write for 
e@ The electric transducer may be optimized: for new Bulletin SV10. 

out-put force rather than linearity, resulting 

in economy of size and weight. 


EASTERN INDUSTRIES, INC. 


1.00-S #2 fF: S TREZT “© HAMD-EN, CON NSS TICiUY 
West Coast Branch office: 1608 Centinela Ave., Inglewood 3, Calif. 


@ Small signal sticking is eliminated. 








industry’s 
new 
primary 
pressure 
standard 


.. . calibrates from 0.3 to 


In one practical instrument, CEC’s 6-201 Primary 
Pressure Standard offers an extended range 

of precise pressure measurements available in no 
other similar equipment. Operating as a 
pneumatic dead-weight tester, the 6-201 offers 
the advantages of air rather than oil as the 
pressure medium, extreme accuracy of 0.015% 
of full range even at pressures of less than 

one psi, cleanliness and portability regardless of 
the pressure range. Because this flexible 

gage or absolute-type instrument depends 

only on mass and length measurements for its 
accuracy, it is a true primary pressure standard. 
It will calibrate any pressure-measuring device. 
Simple combinations of piston-cylinders and 
weights provide six pressure ranges within 

the limits of 0.3 to 500 psi, each with 
increments of 1%, for both gage and absolute 
measurements. For additional information, 

call your nearest CEC sales and service office, 
or write for Bulletin CEC 1581-X17. 


Transducer Division 


Consolidated oS) 
Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


RECOGNIZED LEADERS IN GALVANOMETERS — TELEMETRY, 
PRESSURE AND VIBRATION INSTRUMENTION 
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WHAT‘S NEW 


Four radiation collecting lenses are in optical 
receiver of IR tracker. TV camera for closed 
circuit viewing is mounted underneath. 


obtain directional information from 
rotating reticules or mutation scans 
on a stationary reticule. 

The RCA engineers, working with 
Barnes, developed a device consisting 
of multiple optical systems for coarse 
and fine tracking (see schematic). The 
coarse system sends maximum correc- 
tion signals to the servos until the 
target gets into the fine system field; 
after that, proportional control is used 

In the optical system, four identi 
cal radiation collecting lenses focus 
the same field of view on four differ- 
ent positions, spaced 90 deg apart 
around the edge of a 6-in. diameter 
rotating reticle. Each lens is associ- 
ated with a separate function: 1) fine 
azimuth error sensing, 2) fine eleva- 
tion error sensing, 3) coarse azimuth 
error sensing, and 4) coarse elevation 
error sensing. 

The rotating reticle discriminates 
against large targets such as clouds 
and the horizon, and encodes incom- 
ing target energy so that position in- 
formation is obtainable. To do this, 
the reticle rotates at 10 rps with three 
concentric bands of alternating opaque 
and clear bars chopping sensing fields 
The two inner bands chop the coarse 
error sensing field; the outer band 
provides a_ reference-phasing signal 
and chops the fine error sensing field. 

Germanium field lenses behind the 
reticle then focus an image of the 
objective lens onto the detector, 
rugged lead sulfide crystals capable 
of catching large amounts of energy 
and not requiring cooling. This dis- 
tributes the radiation from a point 
target uniformly over the detector. 
It also eliminates the effect of variable 
sensitivity over the surface of the de- 
tector, reduces the size of crystal 
needed. 

¢ Optical separation—Azimuth and 
elevation functions are separated op- 





Autotranstormers 


A new 20 ampere model of the popular 
Variac types W2, W5, and W50. Wrought me- 
tallic parts for improved mechanical properties. 
Better heat transfer between coil and base — 
brush and radiator. Ball bearing models are 
stock items. Motor Drives are available. All 
with exclusive DURATRAK Contact surfaces 
for long, trouble-free life with low maintenance. 


w20 
Uncesed 


w20mM 
Cosed 


w20mT3 
Porteble 


w20H 
Uncased 


Ww20HmM 
Cased 


W20HMmMT3 
Portable 





Input Veltege 230 


Leed Rating (kve) 
utput Voltage 


Rated Current (amp) 
Maximum Current (amp)* 
No-Load Loss at 60c (w) 

bi 0-230 


Dial Calibrations 0-270 


Angie of Rotation (deg ) 
No. Turns on Winding 
C Resistance f Winding 0.21 
Driving Torque (oz.-in.) 55-110 
2% | 


FEDOM 


55-110 
Net Weight (Ibs.) 24% 20% 


Code Word FEDER MEPAL MEPER 


Price $58.00 . $87.00 : $47.co $60.00 





Types W20 and W20H Variacs are 
Al Type W20 

ev seffix BB to type ow 

An Single, $8.00, 2-gang $ 

W20M_ W20MT} = Type VBT-6. $2.00 W20H. WI0HM. W20HMT) T 


proved by the Underwriters’ Lab 


an be supphed with ball bearings Add 
and following surcharge to prices 
00. 3-gang, $12.00 


ype VBT $2.00 





Type W20-Ganged Variacs 





ee) ae 


7° 














3-geng 
w20G3 
Uncesed 


Type 


w20G3™ 
Cosed 


For back-of-panel use 


Type W20 Variac dagemnaccco note gmas 
115-Volt Input ; 3 KVA: 26 Amp. Max nto other equipment 
Also usable on table 
(W20H similar except for terminals and d 


r bench 


Essential Dimensions 
Types W20, W20M, W20H and W20HM™ Variacs 


Type W20G3M Cased ™ 
Variac ° 
armor 


ben 


W20G2 Variac 
2-Gang Type W20 
(W20HG2 similar 
except for terminals) 
2-gere 
w20nG? 
Uncesed 





Inpul Veltoge 1s 230 


Seme es 


w20G3 


Lood Rating (kve) 6 


s 6 
(peratiet) (Dette) (Series) (Parattet) 
Dial Cahbraton 


Driving Torque ( 


Net Weight (lbs.) 


4m 


xde Word FEDA 


GANE 


Price $100.00 $125.00 $147.00 


Some os 
w20G3 





Type W20MT3 
Variac 

(Type W20HMT3 similar except for dial) 
NEW Portable Model, cased, 3-wire out 
put receptacle, ON-OFF switch, over 
load circuit breaker, heavy-duty 3-wire 
line cord and plug 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A 
NEW YORK AREA: Tel. N. ¥. WOrth 4.2722. NJ WHitney 33140 

PHILADELPHIA: Tel. HAncock 4.7419 
SAN FRANCISCO: Te! Wiitectff 8.8233 


in CANADA, TORONTO: Te 
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WASHINGTON, D.C: Tel 
LOS ANGELES 38: Tel HOliyw 
CHerry 6 " 


OrrecT 


CHICAGO: Tel. Village 8-9400 
JUmper 5- 1088 


vod 9-6201 





Servo testing made easy... 










































































... With the MUIRHEAD 
TRANSFER FUNCTION ANALYSER 


The Muirhead Transfer Function Analyser is an easy-to-operate equipment 
which provides an accurate method of testing the frequency response of servo 
systems and electrical networks. 

The Analyser will measure the phase difference and amplitude gain or loss 
between any two points of a servo system over the frequency range 0.5c/s— 
10kc/s. From this data, the Transfer Function of the system, or any of its 
sections, can be computed. 

Results are obtained directly in polar form so that polar diagrams (e.g. 
Nyquist diagrams) can easily be plotted. 


M U / R H E A D ELECTRICAL INSTRUMENTS 


Muirhead TECHNIQUE—a journal of instrument engineering 
—is available quarterly, post free on request. 


MUIRHEAD INSTRUMENTS INC., 677 Fifth Avenue, New York 22, N.Y., U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. 
MUIRHEAD & COMPANY LIMITED, Beckenham, Kent, England. 
351/3 
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At panel in blockhouse, operator can watch 
flight on TV and control IR tracker 


tically—rather than electronically—by 
using phase or frequency discrimina 
tion. Although requiring four lead 
sulfide detectors and lenses instead 
of two, this arrangement simplifies 
the electronic design, improves equip 
ment serviceability and reliability 

The readout of the preamps is an 
error voltage which is zero in the on 
target position and increases linearly 
with off-axis displacement until the 
coarse field is reached; then the error 
voltage remains constant 

¢ Downrange uses—Possibly the next 
application of the infrared gear will 
be at downrange installations: to track 
nose cones on reentry. As the missik 
enters the atmosphere, it generates 
sufficient thermal energy to permit 
infrared tracking. Last spring, a num 
ber of infrared pictures were taken by 
the Army of a Jupiter reentry. The 
next step is to use the Schupp-Layne 
infrared device for automatic tracking. 
Such a system will need a two-channel 
radiometer, the IR tracker, a cine spec- 
trograph, and photographic gear to 
serve as an optical evaluator at re- 
entry point. 

—Douglas Dederer 
McGraw-Hill News 


Autonetics Ties Computer 
to Machine Tool Control 


Renewed determination to enter the 
industrial control field was shown by 
Autonetics Div. of North American 
Aviation at the Western Tool Show 
last month. Autonetics demonstrated 
how its transistorized digital computer 
RECOMP II could be used with a 
new three-axis version of its numerical 
control system NUMILL to cut the 
time span from design concept to tool- 
ing. 

NUMILL uses tape directly from 
the digital computer. High precision 
optical feedback determines machine 
movement. 





ELECTRIC 


CONTROLS 


TRANSISTORIZED 
SELF-LUBRICATING 
EXPLOSION-PROOF 
EASILY ADJUSTABLE 
MANUALLY OPERABLE 
LOW STAND-BY POWER 


UNIQUE BRAKING... 
prevents valve oscillation 
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This Automatic Pulse Timer mounts in a 

standard 3%” mounting. The initial usage Model K-165 

of the Automatic Pulse Timer was for a difficult instrumentation prob- 
lem encountered on test aircraft—timing the pulses from a fuel flow 
transducer and thus determining specific fuel consumption. It success- 
fully replaced a complex and unreliable method. 

The Automatic Pulse Timer incorporates an uni-directional Stepper 
Motor along with complimentary gears, cams, solenoids, switches, an 
indicator light and—for an accurate independent time base—a stop 
watch. It is designed to visually record the lapsed time of an occurance 
of a specific number of electrical impulses. The Pulse Timer can count 
pre-selected quantity of 2 to 60 pulses, having a uniform or variable 
rate up to 25 pulses per second. 

In this application the combined accuracy of the fuel flow transmitter 
and the automatic pulse timer is better than 1%, and of this the timer 
contributes essentially no error. When the broad input requirements 
are available, the unit can be used for timing pulses regardless of the 
source from which they may originate. 


DETAILED OPERATIONAL SEQUENCE IS AVAILABLE UPON REQUEST. 
STEPPER MOTORS corporation 
Subsidiary of California Eastern Aviation, Inc 


7442 West Wilson Avenue ® Chicago 31, Illinois 
@ WEST COAST . . . 1732 W. SLAUSON AVE., LOS ANGELES 47, CALIF. 
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WHAT’S NEW 


New High Temperature 
Measuring Techniques 
at NBS 


New concepts, new techniques, 
and new instruments are com- 
ing from an accelerated pro- 
gram on high temperature 
studies. 


In both the missile and the atomic 
industries, engineers are working with 
a new order of high temperatures—up 
to several million degrees in fusion 
studies. But the concept of temper- 
ature becomes vague at such unusual 
conditions; and measurement with 
conventional instruments is impossible. 
That’s why the National Bureau of 
Standards has accelerated its high 
temperature research program to 
develop new methods of measurement 
and new techniques for standardizing 
measurements. This year the bureau 
will spend $1,200,000 on such work, 
a four-fold increase over last year. 

Dr. Charles M. Herzfeld, chief of 
the Heat Div., where much of the 
high temperature measurement studies 
at NBS are carried out, has set three 
objectives for the speeded up program: 

1) to make more precise measure- 
ments under ideal conditions and 
controls up to 2,800 degC. Currently, 
optical pyrometers are used to make 
such measurements; usual accuracy is 
plus or minus 3 deg. NBS is shooting 
for a precision of plus or minus 1/10 
degree. 

2) Extend the range of high tem- 
perature measurements so that there 
is available a standard black bodv 
operating at 4- to 5,000 deg C. Now, 
the top temperature for a black body 
standard is the melting point of gold: 
1,063 deg C. a 

3) To learn how to measure tem- 
perature under nonideal conditions, 
such as in the gases of a jet engine or 
rocket exhaust, and at extremely high 
temperatures, 

* More accuracy—One of the first 
concrete results of the program is 
being tested now. It’s a photoelectric 
pyrometer that will probably replace 
the presently used disappearing-fila- 
ment optical pyrometer for measuring 
temperatures above 1,000 deg C. The 
basic optical system and disappearing 
filament principle are retained, but the 
brightness of the test body is compared 
photoelectrically rather than visually 
with that of the pyrometer lamp. — 

With this new device, NBS has 
obtained a precision of 0.1 deg C 
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The requireni@ 
industry ar@ 
two standa 


The series 300 st , 
space-wound stan fer line is 
designed to meet © bration, 
shock, high tempers environmental 
requi emer and missile 

Ps 400 miniature, precision 

Mitipot line was developed for industry 

as a complete low-cost line of high 
performance potentiometers. 


Factory field service and technical liaison 
on all Daystrom products are conducted 
from the west coast...and covers the entire 
United States. Sales representatives are 
located in all principal cities. 


Daystrom Pacific also supports the customer 
requirement with advanced research: 


« New product development 
¢ Materials research 
« Environmental research 


For further information about Daystrom 
Pacific products contact the representative 
in your area or the factory direct. 


openings exist for highly 
qualified engineers 


a division of DAYSTROM, INC. 

9320 LINCOLN BOULEVARD 

LOS ANGELES 45, CALIFORNIA 

tn Canada: Export: 

DAYSTROM LTD. DAYSTROM INTERNATIONAL 


840 Caledonia Rd. 100 Empire Street 
Toronto 10, Ontario Newark 12, New Jersey 
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WHAT’S NEW 


. . more important than measur- 
ing temperature is determining 
what happens to key variables... 


when observing a black body at 1,100 
deg C. Herzfeld hopes that it will 
be the standard photometer by next 
year. The machine, he says, is flexible 
enough to trade accuracy for speed if 
necessary. By that he means it can 
take 1 min, for example, to measure 
with a precision of 0.] deg; or it can 
measure within 10 deg in a milli- 
second. 

Herzfeld predicts that this photo- 
electric photometer eventually will 
replace the conventional pyrometer. 
As he puts it, “An optical pyrometer 
depends on the characteristics of the 
viewer's eye and how he feels; that’s 
no way to make a measurement!” 

¢ New concepts—Probably the most 
intriguing high temperature work 
under way at NBS is the effort in the 
areas over 10,000 deg and with non- 
ideal conditions. Here the first prob- 
lem is defining temperature. One 
common definition, based on the ideal 
gas law, says Herzfeld, falls apart at 
these extreme ranges because an ideal 
gas does not exist under such 
conditions. 

More important than measuring 
temperature, NBS scientists feel, is 
measuring key variables and correlat- 
ing their values to determine what 
is happening at these conditions. 
Herzfeld thinks that he will know all 
he has to know about any system if 
he can determine two things: 

1) distribution of all particles of a 
system over their energy levels 

2) rate of change of distribution 

According to Herzfeld, the number 
of atoms in each quantum state is a 
more fundamental property than 
temperature. In principle this is 
always measurable. The next step is 
to make some kind of correlation 
between distribution of energy states 
and temperature. 

Herzfeld says he'll be satisfied even 
if he cannot perform some kind of 
correlation as long as he can measure 
the distribution deaay states. Then 
he'll set up a new scale of what's 
happening in terms of what he 
measures. 

Such information is not easy to 
use, Herzfeld cautions. It requires the 
techniques of statistical mechanics and 
the capability of high-speed computers. 
But it offers the first practical method 
for measuring what happens in non- 
ideal, rapidly changing conditions. 

To do this job in gases, NBS is 
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CLARE Service 


which can solve your Wiring Problems 


If your present policy is to buy separate relays 
and switches and perform the necessary wiring 
yourself, you can benefit from our new, complete 
wiring service. 

From the smallest bench unit to large rack- 
type cabinets, CLARE can offer packaged wired 
assemblies to meet your exact requirements. 
We can build to your specifications, or construct 
assemblies from our own stock of bases, con- 
nectors, plugs, and other components. 

With the opening of our new plant in Fair- 
view, N. C., we now have the capacity to handle 
any wiring project. Our experience in the care 
and treatment of precision relays and switches 


is your assurance of familiar CLARE quality. We 
have developed our own versatile tooling to 
provide an economical service. 

As a result, we can deliver to you wired as- 
semblies which are fully tested and which ad- 
here to the highest standards of quality—and 
we can do this more economically than you could 
do it yourself. 

Why not let us show you how you can fit this 
special service into your own operation? Call or 
write: C. P. Clare & Co., 3101 Pratt Blvd., 
Chicago 45, Illinois. In Canada: C. P. Clare 
Canada Ltd., 2700 Jane Street, Toronto 15. 
Cable Address: CLARELAY 





| CLAIRE reave | 


FIRST in the industrial field 








NO BETTER WAY 


to control process temperature 


AT SUCH LOW COST 
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pot nm 


improved 


FULTROL Pilot Temperature Controller 


Whatever your process . . . here’s the best possible temperature control 
at the lowest possible cost! Simplified, compact unit assures propor- 
tional temperature control with fast response . . . and without bulky, 
complicated hook-ups. 

Here’s a major improvement recently added . . . at no extra cost to 
you: Stainless steel bulb and welded bushing replace copper bulb for 
greater strength and corrosion resistance. 

There’s a FULTROL model just right for chemical processing, 
dyeing and bleaching, food processing and many other industrial 
applications. Available with 200° ranges between -50° and +600°F. 


WRITE FOR BULLETIN D-vw 


® 
Me Contrts eds a CONTROLS COMPANY 


FULTON SYLPHON DIVISION © Knoxville 1, Tennessee 
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WHAT‘S NEW 


using spectrographic techniques. At 
present it’s a three-step job: first 
measuring the shape of spectral lines; 
then calculating the number of elec- 
trons per cc of gas; finally, knowing 
the pressure of gas, ionization energy 
of gas, and density of electrons, calcu- 
lating temperature. 

Accuracy of such measurement 
today rarely gets as good as plus or 
minus 10 percent. That's because 
there are two “iffy” steps, says Herz 
feld. Both are highly theoretical. First 
is the calculation of number of 
electrons; second is the calculation of 
temperature from electron densities. 
Herzfeld is aiming for improvements 
in both theory and experiment that 
will provide data with an accuracy of 
within 1 percent. 

¢ New instruments—All this theors 
has a highly practical side, too, one 
that is likely to make a major change 
in the instrument business. ‘The photo- 
electric photometer already seems sure 
to make a dent in the optical pyrom- 
eter business, Herzfeld envisions. such 
applications as reading steel mill 
furnace temperatures in the laboratory 
office, with a permanent record 
supplied. 

And he envisions a whole new crop 
of temperature instruments based on 
some kind of a miniaturized spectrom 
eter. For one thing he is working on 
a spectrometer that is small enough 
to fit into the tail pipe of a jet airplane 
engine. Herzfeld sees it as a new 
way to measure engine efficiency. 
Some day, he says, there will be one 
on every jet engine; it will read into 
a dial that will tell a pilot how well 
his engines are working without 
bothering about temperatures 


Pipeline Control 


. needs better interface 
detection equipment, AIEE 
meeting hears. 


DALLAS—— 


The need for more development 
work before interface detection equip 
ment—devices to report the change in 
products moving in a_ pipeline—be 
comes a reliable control system com- 
ponent was sharply emphasized by 
panel members discussing “Batch In- 
terface Detectors” at the Electrical 
Conference of the Petroleum Indus- 
try, sponsored by the Petroleum In- 
dustry Committee of the AIEE, in 
September. 

Panel members discussed a number 
of interface detection methods, in- 





these answers to your control “puzzles”’ 


NEW two-way valve for high flow 

industrial applications 

At greatly reduced cost, this larger pilot- 
operated valve permits applications not possible 
before. Designed for air, oil, water. Features 
¥” orifice with %” or %” NPT ports, %” orifice with 
%” NPT ports, 1” orifice with 1” NPT ports. Pres- 
sure differentials: 5-150 psi. Body is naval forged 
brass. Diaphragm is fully supported. Available in 
standard and Explosionproof construction, norm- 
ally open or normally closed. 


NEW three-way valve for 

medium-sized cylinders 

Available normally open, normally closed, 
directional control and multi-directional, with 
%” inlet and %2” exhaust orifices and 4” NPT 
ports. Designed to control air, oil and inert gases. 
Handles pressures to 125 psi. Body is non-corro- 
sive zinc. Internal parts are stainless steel. 


NEW two-way, low-cost, 

pilot-operated valve 

A smaller, lighter, normally closed valve. 
Permits full flow through %” orifice with *%” or 
%” NPT ports. Will control all common media: air, 
oil, water, etc. Pressure differentials: 5-150 psi. 
Forged naval brass body. Uniquely designed dia- 
phragm — fully supported. 


NEW two-way valve for standard 

and high pressure applications 

A big capacity, pilot-operated valve with 
a \4”" orifice and 4” NPT ports. Designed to control 
air, water, oil, semi-corrosive materials. Long- 
lasting, stainless steel internal parts. Forged naval 
brass body. Available normally open or normally 
closed. Standard models operate on pressure dif- 
ferentials of 5-200 psi; high pressure normally 
closed models on 5-1250 psi. 


For complete information, please contact our Representative or Distributor near you... 
you'll find him listed in the yellow pages or write us at the address below, Department 34N. 
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COMPACT, 3-OUNCE TIME DELAY RELAY 


with silicone-controlied 
delay from tila to 120 seconds 


Worth a closer look... the Heinemann Type A Silic-O- 
Netic Relay. Despite its small overall size, the relay offers 
many big performance features. 


For example, double-pole, double-throw switching . . . at 


fast snap-action contact speed. 


The relay is a load carrier in itself: it may be energized 
continuously . . . does not require auxiliary lock-in circuits. 


And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 
has proven itself in countless applications; it will give you 
reliable service over a long, long operational life. 


For full details, refer to Bul- 
letin T-5002. A copy will be 
sent on request. 


HEINEMANN 


ELECTRIC COMPANY 
162 Plum St., Trenton 2, N. J. 


S154) ee) od A OL 


Time Delays: 


Overall Dimensions: 
x 2” x 1-9/16 


Contact Capacity: 3 amps at 
120V AC, 1 at 240V AC 


am 


125V DC 


S.A. 1678 





WHAT‘S NEW 


cluding the use of radioactive energy, 
the measurement of dielectric con- 
stant, the weighing of product specific 
gravity, and color methods. 

C. W. Blackburn, technical con 
sultant of the engineering develop 
ment branch of Phillips Petroleum 
Co., set the theme of the session when 
he pointed out that reliability was 
the capability most lacking in the sev 
eral types of interface detectors that 
had been used by Phillips. 

Reliability of some systems, Black 
burn said, is satisfactory, but the price 
seems excessive, considering the rela- 
tively simple job to be done 

Dr. H. R. Hancox, director of re 
search of Great Lakes Pipeline Co., 
stated that fundamentally the dielec 
tric method, or measurement of any 
physical property, suffers from three 
difficulties: (1) noise caused by pas 
sage or deposit of foreign materials 
in the line; (2) it is not possible to 
detect 100 percent of the interfaces 
because of the overlapping of values, 
and (3) it is necessary to interpret the 
sometimes complicated signal before 
deciding the point to make a cut. 

¢The users’ report—One presenta 
tion that caused a lot of comment was 
that made by E. B. Turner, General 
Electric Co., reporting a survey of 
the use and planned use “of the tools 
of automation” in pipelines. 

A questionnaire was submitted to 
each of 48 crude and products pipe 
line companes, covering 125,000 
miles with 90 percent participation. 
It was made under the auspices of the 
transportation subcommittee of the 
AIEE Petroleum Industry Committee 

Turner said he was surprised by the 
amount of use and planned use of 
computers. Either present or future 
use for computers was expressed by 
67 percent of the companies replying 
rhe other 33 percent had no use for 
computers or were not willing to ex 
press an opinion. Three major areas 
of application covered by the survey 
(1) dispatching aid; (2) operation aid; 
and (3) accounting and billing 

Participants in the survey said some 
of the equipment needs for unat 
tended station operation are (1) a solid 
state analog to digital converter; (2) 
an inexpensive deviation detector; (3) 
an inexpensive rate of change detector. 

The most common methods of safe- 
guard were totalizing number of 
pulses, and redundancy or check-back. 

Four other types listed were moni 
toring width of pulse, sequential fre- 
quencies, monitoring shape of pulse, 
and multiple frequencies. 

Kemp Anderson 
McGraw-Hill News 
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modernization means 


reduced costs...increased efficiency 
MODERNIZATION ALSO MEANS 


DENSITY MEASURING SYSTEMS 


AccuRay now offers the process industries unlimited opportunities for greater 
profits through increased production and improved quality control. AccuRay’s 
density measuring system gives management greater control over production 
processes without time-consuming delays for sampling and adjusting the 
process. Continuous, accurate measurement of density, specific gravity, 
concentration, or percent solids is essential in determining where economies 
can be effected. AccuRay’s density system provides this information contin- 
vously and accurately from the exterior of the pipe, without contacting the 
process material. The AccuRay Density Measuring System has been designed 
to meet the rigorous requirements of the process industries. An AccuRay 
System can play an important part in your modernization plans. 




















A permanent record of density variations may be obtained 
by use of an auxiliary electronic recorder. Automatic con- 
trol may be achieved through the use of recorder-control- 
lers and pneumatic or electronic final control elements. In 
the chemical, petroleum, food and mining industries, the 
density gauge measures feed and yield of various unit 
operations, including evaporation, distillation, extraction, 
and various separation operations. 


Please send Bulletin NI-158 for complete details on 


AccuRay Continuous Flow Density Systems 
ol 
Industrial tone i 
- Company . 
ucleonics innit 
CORPORATION City we , 
1159 Chesapeake Ave., Columbus 12, Ohio Application —___ 





See the INDUSTRIAL NUCLEONICS’ Exhibit—Booths 576-671—National Plastics Exposition—Chicago, November 
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Steel Industry Controls 


. win new recognition for 
control engineers. Even pro- 
duction engineers seem satis- 
fied with feedback systems. 


The T 
takes 
500 cps 
at 30G@’s, 
meeting 
NAS 710 
proc. Ill 


The T 
takes 
50G@’s 
meeting 
MIL-R-19; 


n 


The trend to wider use of sophisti- 
cated control systems in steel plants 
(first reported in CtE, May 1957, 


exceeding 
NAS 710 
proc. lll 


name 
your 
punish- 
ment... 


and you'll find the Helipot Series T 
all-metal single-turn precision 
potentiometer can take it! 

Name your linearity, to +0.20%... 
resistance, from 650 to 100,000 
ohms...up to 5 ganged sections 
and 9 taps per section...servo or 


bushing mount, with bearings 


front and rear for perfect alignment. 


Put them all together, in the T’s 
new cup-type housing, and you'll 
have the best-value miniature 

you can design into your system! 
For the full T- Pot Story, whistle for 
data file G112 


L 
TEMPERAT 


“/ 
’ 
Co 


i ae, 


*, 
‘ 


ie 


Beckman - 
Helipot 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
Engineering representatives 
in 28 cities 


potentiometers : dials : delay lines : expanded scale meters : rotating components : breadboard parts 
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p. 22) 1s accelerating, according to 


views expressed by representatives of 
half a dozen of the nation’s major 
steel producers, meeting at the Cleve- 
land Convention of the Association 
of Iron & Steel Engineers. Appar 
ently the industry is now ready to 
take the control engineer and_ his 
“radical ideas” seriously; even produc- 
tion-oriented mill engineers seem satis 
fied that adding feedback control sys- 
tems of relatively flimsy appearance 
by steel’s standards results in more 
savings than operational headaches. 
Successes racked up by such svstems, 
particularly in the control of strip 
thickness on cold mills, has mitigated 
the reluctance of mill engineers to lis 
ten to new ideas. And real increases in 
the production of on-spee strip by 
such mills has persuaded the steel com 
panies to help control engineers get 
more knowledge of the nature and dy 
namics of steel-making and _ rolling 
processes. Republic Steel Corp., for 
example, is building a $6 million re 
search center just south of Cleveland: 
U. S. Steel has broken ground it its 
Monroeville (Pa.) research center for 
a building to house its control research 
At the Iron & Steel Exposition, 
held in conjunction with the conven 
tion, the new trend was even more 
obvious. The traditional pushbuttons, 
motors and contractors and combus 
tion controls were all on display. But 
so were the newest items of interest to 
sophisticated control engineers. Some 
of these products were shown for the 
first time only a week previously at 
the ISA show in Philadelphia. 
Getting remarkable attention from 
the steel engineers was the Libratrol 
500, GPE Controls’ brand-new entry 
in the control computer market. GE’s 
Computer Dept. also demonstrated its 
readiness to build control computers 
for the steel industry. 
Another highlight at the show was 
a new static punched card reader dis 
played by GE. It uses photocells to 
avoid problems with dirty spring con 
tacts (likely to be encountered by me- 
chanical readers in steel mills). 


—E. J. Kompass 
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TMI Type 1092-BQ8A 
Core Storage Buffer 


IMPORTANT JOB OPPORTUNITIES 








juality control series no 


UNDER WATER TEST 


THIS 
e TELEMETER 
MAGNETICS 
MEMORY CORE 
WAS TOWED FROM HERE 
é TO CATALINA BY 


OCEAN LINER 


é 


(and it definitely got wet!) 


SILLY TEST 


but we hope it attracts your 
attention to the thorough 

three Ssfage inspection ar d testin 
given every TMI product 


from ferrite cores to core 


to buffers and memory syst@ts 





DATA SYSTEMS COMPATIBILITY— with the New TMI Core Storage Buffer 


This fully transistorized unit stores up to 1092 eight-bit characters at 100-kc rate. 
The buffer is compactly designed for relay rack mounting and is complete with integral 
power supply. Ideally suited to synchronizing data systems operating at different speeds. 


Features include: interlaced load and unload + capacity expansion + convenient clear 
control + internal checking circuits + ease of installation - economy + unit is priced 
22% helow previously available buffers of similar characteristics. 





In addition to the Type 1092-BQ8A, TMI produces a full line of core storage buffers 
for an almost infinite variety of applications. Units are available in capacities from 
80 to 2184 characters. Components, assemblies, and completed buffers each undergo 
rigorous tests. Request copy of specification #191 containing complete data. 


0 | TELEMETER MAGNETICS Inc. 


Vanufacturers of Ferrite Cores « Core Arravs « Buffers « 


M. mortes 


2245 pontius avenue, los angeles 64, california + 306 “h” st., n.w. washington 13, d. 





28 volts 
powers this 
transistorized 
vibration 
amplifier 


Consuming only a fraction of the power 
required by tube type units, taking 14 
the space, and operating directly from a 
28 volt battery, this GLENNITE transis- 
torized amplifier fills all requirements 
for airborne application. 

Unique design and rugged construc- 
tion assure extremely low microphonics, 
provide high input impedance for direct 
use with piezoelectric accelerometers. 

A companion light weight, 3-channel 
battery pack is available. This unit con- 
tains a rechargeable, sealed nickel cad- 
mium battery capable of powering 3 
transistorized amplifiers for 16 hours. 

Like more data on these units? Con- 
tact your local Gulton representative, or 
write us direct. 


SPECIFICATIONS 


Gain: Continuously variable from 10 to 100 
Input impedance: 30 megohms minimum 
Power input: 28 v de at less than 3 ma 
Frequency range: 10 cps to 20 KC 
Temperature range: up to 200° F 





Call in Gulton 


Whether you need a single instrument 
or a complete system, Gulton is capable 
of meeting all your needs in shock and 
vibration measurement from transducer 
to readout equipment. Call in a Gulton 
Instrumentation Engineer on your next 
assignment — or on your present one if 
you have a problem. 











GULTON INSTRUMENTATION DIVISION 


Gulton 
Industries, 
4 Inc. 


Metuchen, 
New Jersey 
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WHAT’S NEW 


AROUND THE BUSINESS LOOP 


Control Companies Join Hands to... 


GAIN VERSATILITY 


Merger of Ling Electronics and 
The Calidyne Co. brings more 
impressive stature for both in 
the field of vibration equip- 
ment and testing. 


According to a recent news release 
prepared for Ling Electronics, Inc., 
of Culver City, Calif., the merger of 
Ling with The Calidyne Co. of Win- 
chester, Mass., has made the West 
Coast vibration controls maker the 
nation’s largest producer of complete 
vibration systems. This can very well 
be the case; for Calidyne is an impor- 
tant manufacturer of electrodynamic 
shakers and control equipment for all 
ranges of vibration test programming, 
and even before the merger Ling was 
a leader in vibration amplifier systems. 

The merger has another implica- 
tion, too: it can mean that MB Elec- 
tronics, said to be the biggest pro- 
ducer of vibration test equipment in 
the country, has been superseded in 
first position by the combination of 
the smaller Calidyne Co., and an im- 
portant manufacturer of high-power, 
electronically driven vibration ampli- 
fiers and vibration control systems. 

e New testing system—Under an in- 
tegration program now being carried 
out by Ling and Calidyne, all vibra- 
tion systems and components will be 
sold and serviced in the East by Cali- 
dyne and in the West by Ling. One 
of the first products bearing the stamp 
of both companies is a giant vibration 
testing system said to be almost twice 
as powerful as any now in operation. 
It has a large power amplifier rated at 
240,000 watts output and an electro- 
dynamic shaker capable of delivering 
25,000 pounds-force. It will be used 
by a major prime contractor in devel- 
oping an advanced type of missile. 

Ling is responsible for the first 
random-wave testing equipment and 
for perfection of shaker protective de 
vices that allow uninhibited random or 
sine wave testing. Under Calidyne’s 
belt are a 24-channel multiple shaker 
system for aircraft ground vibration 
studies, the first 2,500-pound-force 
shaker system, and the first 25,000 
pound-force shaker with automatic 
control. 


STUDY A PROBLEM 


Out of a T-R-W Products-SOhio 
agreement may come a new 
definition of the role of the 
digital computer in automatic 
process control. 


At the annual Instrument-Automa 
tion Conference at the ISA meeting 
in Philadelphia in September, it was 
announced that The Thompson 
Ramo-Wooldridge Products Co. had 
entered into an agreement with Stand 
ard Oil of Ohio to study the applica 
tion of digital computers to automat 
process control. Initial beneficiaries of 
the study will be the oil company’s 
refinery units. Out of the 
expected to come new 
niques and equipment 

Significantly, the Los Angeles prod 
ucts company, jointly owned by 
Thompson Products and Ramo-W ool 
dridge, has just organized a new Engi 
neering Div., whose inclination seems 
to be toward processes. The four de 
partments making up the new division 
deal with process applications, data 
processing and controls, project engi 
neering, and programming. Three of 
the departments already have perma- 
nent managers and one has an acting 
manager. 

eTwo CtE authors—Thomas M 
Stout, a CtE author (February °56, 
page 57, and April 56, page 77), is in 
charge of the Process Application 
Dept. His associate is Charles G 
Laspe. This department is responsible 
for joint applications studies with 
companies in the petroleum refining, 
chemiczl, and other process industries 
that are planning to install computer 
control systems. 

The Data Processing & Controls 
Dept. is under the wing of James A 
Trapp, currently on assignment to the 
Process Applications Dept. He will 
take on his new duties shortly. His 
associate manager is Harold A. Keit 
['rapp’s department will study new 
applications for computing control 
systems. 

William S. Aiken, another Ct 
author (October, page 76), has been 
named manager of the Project Engi- 
neering Dept., which will handle the 
installation and check-out of computer 
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new speed 
in digitala 
x 
e 


Encompassing the latest in packaging 
and. reliability, Consolidated’s new 
MicroSADIC commutates and converts 
up to 10,000 analog inputs per second. 
Outputs are recorded on digital mag- 
netic tape in pre-selected formats com- 


patible with most computers and per- 


ipheral equipment. Digitizing may be 


§ in either bipolar binary, bipolar binary- 


m coded decimal, or unipolar binary-coded 











decimal form., Completely transistor- 
ized, the system is packaged in modular 
‘‘slices” for unusual flexibility. Write for 
complete story in Bulletin CEC 3004-X2. 
systems division CGONSOlidated 

Electrodynamics 


300 N. Sierra Madre Villa, Pasadena, California 
Offices in Principal Cities Throughout the worid Ged) 


FOR EMPLOYMENT OPPORTUNITIES 
with this progressive company, write 
Director of Personnel. 


The basic MicroSADIC 
consists of a commutator, 
digitizer, system 
programmer, time 
programmer, and digital 
tape unit. All-transistor 


» circuitry on printed 


boards results in low 
power consumption and 
trouble-free operation. 
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New Designs 
in Motors from 


TYPE R-29 MOTOR 
2%" Diameter 


This motor is an ideal power source 
for recording instruments, timers, 
medical instruments, office equip- 
ment, blowers, tape recorders, com- 
munications equipment, etc. It is 
available in both 2-pole and 4-pole 
design, each in three stacking lengths. 
Type R-29 is a permanent split 
capacitor type available as an in- 
duction or synchronous motor. H.P. 

a of various models ranges from 1/75 

peri to 1/30. Construction features are 
indicated below. 


Class “A” Insulation for 


Heavy Formex Heavy Stotor End Rings. High Dielectric Strength 
Windings. and High Temperature 
Applications. 


True Air Circula- Rugged, Precision- 
tion System for Machined Die-Cast 
Maximum Heat End Cops for Fionge, 
Dissipation. . : ¥ ‘ Base, Sub-Base, Resil- 

ient or Stud Mounting. 


Ample Width Fiot, 


Pre-loaded 
Bearings. Husky, Sealed and 
Shielded Ball Bearings. 


Special Bearing Locking 
Fan Blades Integrally Aluminum Die Plate Reduces End Play 
Die-Cast with Rotor. Cast Rotor to that of the Bearing 
Dynomically only, (Available on Ample Clearance for Coil 
Balanced. Special Order). End Wire, 


For more information, write, Sales — Service Representatives in Principal 
or use Readers’ Service Card. Cities throughout the World 


MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 


125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 
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WHAT’S NEW 


control and data logging systems. In 
addition, Aiken will serve as acting 
manager of the Programming Dept. 
Henry L. Bechard, formerly with 
Daystrom Systems, has been named 
customer relations manager of special 
control and data reduction systems 
by the Thompson-Ramo-W ooldridge 
firm. At Daystrom, Bechard was re- 
sponsible for administration and co- 
ordination of the Engineering Dept. 
He is also familiar with electro-optical 
tracking systems and tclemetry. 


Space Administration 
Takes Over NACA 


The new Space Act stipulates that 
all'that has been the National Advisory 
Committee for Aeronautics must be 
transferred into a new body to be 
known as the National Aeronautics & 
Space Administration within 90 days 
atter the act is signed. Since President 
Eisenhower signed the act on July 29, 
things have moved rapidly, and it is 
now disclosed that that transfer has 
taken place with a month to spare. 

“One way of saying what will hap 
pen,” explained NASA Administrator 
{. Keith Glennan, now on leave as 
president of Case Institute, “would be 
to quote from the legalistic language 
of the Space Act: “Ihe NACA shail 
cease to exist... (and) all functions, 
powers, duties, and obligations and 
all real and personal property, person- 
nel (other than members of the com 
mittee), funds, and records of that 
organization’ shall be transferred to 
NASA. 
¢A metamorphosis—‘‘My preference 
is to state it in quite a different way. 
Chat what will happen . . . is a sign 
of metamorphosis. it is an indication 
of the changes that will occur as we 
develop our capacity to handle the 
bigger job that is ahead. We have one 
of the most challenging assignments 
that has ever been given to modern 
man.” 

Three main NACA laboratories 
were renamed in the changeover. They 
are the Langley Aeronautical Labora- 
tory at Langley Field in Virginia, the 
Ames Aeronautical Laboratory at Mof: 
fett Field in California, and the Lewis 
Flight Propulsion Laboratory in Cleve- 
land, Ohio. In each case, “research 
center’ was substituted for the words 
following the proper names. No 
change of name is pending for the 
High Speed Flight Station, Edwards, 
Calif.; the Pilotiess Aircraft Research 

(Continued on page 168) 














New amplifier 


battles “noise” 





Four-stage junction diode amplifier was developed at Bell 
Telephone Laboratories by Rudolf Engelbrecht for mili- 
tary applications. Operates on the “varactor” principle, 
utilizing the variable capacitance of diodes. With 400-mce. 
signal, the gain is 10 db. over the 100-mc. band. 





The tremendous possibilities of semiconductor science are again illus- 
trated by a recent development from Bell Telephone Laboratories. The 
development began with research which Bell Laboratories scientists were 
conducting for the U.S. Army Signal Corps. The objective was to reduce 
the “noise” in UHF and microwave receivers and thus increase their 
ability to pick up weak signals. 


The scientists attacked the problem by conducting a thorough study 
of the capabilities of semiconductor junction diodes. These studies led to 
the conclusion that junction diodes could be made to amplify efficiently 
at UHF and microwave frequencies. This was something that had never 
been done before. The theory indicated that such an amplifier would be 
exceptionally free of noise. 


At Bell Laboratories, development engineers proved the point by 
developing a new kind of amplifier in which the active elements are junc- 
tion diodes. As predicted, it is extremely low in noise and efficiently am- 
plifies over a wide band of frequencies. 


The new amplifier is now being developed for U.S. Army Ordnance 
radar equipment. But it has numerous other possibilities. In radio astron- 
omy, for example, it could be used to detect weaker signals from outer 
space. In telephony, it offers a way to increase the distance between relay 
stations in line-of-sight or over-the-horizon communications. 





BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


NOVEMBER 1958 





THE NEW 
CONCEPT 
IN COAXIAL 
DISCONNECT 

SPLICING... 


Here is a totally new method for attaching disconnect splices to coaxial 
cables that will create new standards of performance... on chassis connec- 
tions, computers, test equipment—in fact, anywhere that two coaxial cables 
need fast and reliable disconnect splicing. 

Easily attached to coaxial cables by AMP’s modern compression method, 
the all new A-MP COAXICON assures you of uniformity, absolute reliability 
and new low cost—in either free-hanging or through-panel units. In addition, 
the COAXICON supports cable shielding against vibration while offering fully 
insulated positive electrical performance. 

Production rates easily exceed any method you’re now using. With a sim- 
plified wire stripping method, it takes just one stroke of the matching A-MP 
tool to permanently crimp COAXICON to your coaxial cable. 

Think of it—no more burned or melted insulation, no doubtful, sloppy 
connections, no time consuming, high-cost assembly methods. Once you’ve seen 
the all new COAXICON, you won’t settle for less. 


Send for a sample and complete product information today. 


ANIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
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Leaders in Readout and Display... 





SC 4000 


Series of High-Speed Microfilm Printers 


Pictured above is the S-C 4010, one of several High-Speed 
Microfilm Printers that comprise the S-C 4000 Series. This unit, 
custom-developed for use with the Naval Ordnance Research 
Calculator, serves a three-fold purpose: rec: 1g data On micro- 
film at speeds up to 15,000 characters per second, plotting data 
on microfilm at speeds up to 10,000 points per second, and 
projecting selected data on a direct-viewing screen less than 
eight seconds after film exposure. 

Two other models in the series are the S-C 4000 — developed 
for use with the Livermore Automatic Research Computer — 
and the versatile S-C 4020 — capable of both on-line and off-line 
operation and equally adaptable to either business or scientific 
applications. 

Write today for further information concerning the S-C 4000 
Series of High-Speed Microfilm Printers outstanding ex- 
amples of Stromberg-Carlson leadership in the field of readout 
and display. 


STROMBERC-CARLSON 


A OIVISION OF GCENERAL DYNAMICS CORPORATION 
2 ate & 
Seales 1895 Hancock Street, P.O. Box 2449, San Diego 12, California 


Developers and Manufacturers of S-C 1000 Direct Viewing Displays @ S-C 2000 
Bright Displays @ S-C 3000 High-Speed Communications Printers @ S-C 4000 High- 
Speed Microfilm Printers © S-C 5000 High-Speed Electronic Printers 


“There is nothing finer than a Stromberg-Carlson” 








NOTABLE ACHIEVEMENTS AT JPL... 


PIONEERS IN MOBILE MISSILE SYSTEMS 


The “‘Sergeant’s”’ excellent mobility 
characteristics, including the ability to 
operate under conditions of winter snow, 
ice, mud, desert sand and heat, signifi- 
cantly extend the capabilities of the 
system for close support of a ground 
command in our modern United States 
Army. The ease of operation and handling 


permits the weapon to be unloaded from 
airplanes or landing craft and be ready 
for firing with a minimum of preparation. 

The system concept demonstrated in 
the ‘‘Sergeant’’ has permitted excellent 
mobility and speed of operation to be 
attained. The requirements of the Army 
have been stressed, resulting in outstand- 


® 


ing characteristics of the weapon merit- 
ing the title of ‘‘America’s first truly 
‘second generation’ surface-to-surface 
tactical missile.”’ 

The responsibility for accomplishing 
this important achievement has been 
placed on JPL by the United States Army 
Ordnance Missile Command. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 


OPPORTUNITIES NOW OPEN 
IN THESE CLASSIFICATIONS 
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PASADENA + CALIFORNIA 
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APPLIED MATHEMATICIANS * ENGINEERING PHYSICISTS * COMPUTER ANALYSTS + IBM-704 PROGRAMMERS 
FIELD ELECTRONIC ENGINEERS + SENIOR R.F. DESIGN ENGINEERS + STRUCTURES AND DEVELOPMENT ENGINEERS 








IBM KINGSTON 


..+ probing electronic frontiers 
for tomorrow’s break-throughs 


Research into uses of magnetic thin-film components in 
advanced electronic equipment is typical of the many 
exciting creative opportunities now available at IBM 
Kingston. IBM research teams are also investigating 
other problems, such as: The use of magnetic materials 
in liquid-helium memory systems. ..and the evolution 
of new fabrication methods based on vacuum deposition 
techniques. This is a fine opportunity to satisfy unfulfilled 
ambitions to do really original work among creative, 
constantly inquiring minds. 


IBM, a recognized leader in the electronic computer field, 
offers a stable balance of military and commercial work. 
You will find ground-floor opportunities for professional 
achievement at IBM Kingston. Liberal company benefits 
set standards for industry today, and salaries are com- 
mensurate with your abilities and experience. Kingston, 
N. Y., is a pleasant Hudson River valley community. It 
combines country living with easy proximity to New York 
and other metropolitan areas. 





Write, outlining qualifications 
and experience, to: 

Mr. D. H. Hammers, Dept. 541Y 
IBM Corporation 

Military Products Division 
Kingston, N. Y. 


~ to broaden your skills and knowledge. 
QUALIFICATIONS: B.S., M.S., 





MILITARY 
PRODUCTS 





trial experience is desirable. 





Plants and taborstocies: Endicott, Kingston, Owego, Poughheepsie, Yerkiown, 
W ¥.; Lexington, Ky.; Roehester, Minn.; Sen Jobe, Calif; Gurtington, Vt. 
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3 search far rocket fuel control 


anata sienna 


eeeeenenee 


Pumps, turbines, cryogenic hardware and fuel systems—everything 
short of firing the rocket—will soon be tested by a CEC process 
control system. Working with dangerous propellants and limited 
time, the system will provide complete, automatic programming, 
rapid control, and data in, 80 seconds. Write for the complete story 


in Bulletin CEC 3015-X6. |—+-# 


systems division COnSOlidated Electrodynamics 


300 N. Sierra Madre Villa, Pasadena, California | Offices in Principal Cities Throughout the World &5 


FOR EMPLOYMENT OPPORTUNITIES 
in this progressive company, write Director of Personnel. 


From a central block house, the operator controls 
and reads air pressure, exhaust temperature, 
turbine speed, flow rate, pump suction pressure, and 
receiver tank pressure. The system automatically 
corrects for rates of change of test parameters 

to insure maximum data in limited time. 
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SEND-RECEIVE 


PRINTER 


TAPE READER 


TAPE PUNCH 


Teletype Model 28 Automatic. . 
Send-Receive Set 

















New Teletype unit provides a two-way link 
for office-to-computer operations 


The Teletype Model 28 ASR serves a dual purpose in 
the office-to-computer-to-office data processing chain. 
This versatile unit functions as: 

1. IDP equipment for local operations in offices and 
computer center .. . and 

2. Communications equipment between offices and 
computer center. 

Data is programmed, edited and stored utilizing the 
tape punch. This single, initial operation is the only 
“keyboarding” required. Data from tape is automatic- 
ally transmitted by tape reader to the computer center 
where it is received in tape form. 


After computation—the resultant data is transmitted 
back through the ASR to any or all office locations. 
A New Application—The Teletype Model 28 ASR 
gives you an accurate method of testing and checking 
data processed through a computer installation. 
METHOD: Test data on tape is fed into a computer 
through the Model 28 ASR tape reader. The resultant 
computer output is recorded on the page printer of the 
Model 28 ASR for comparison with a known answer. 

For more information on the New “100 Word Per 
Minute” Teletype Model 28 ASR and what it can do 
. . . use coupon below. 


® 
TELETYPE CORPORATION 
Dept. 20-1, 4100 Fullerton Avenue, Chicago 39, Illinois 
I'd like a copy of the free booklet describing the NEW Model 28 ASR. 
NAME 


CORPORATION | wus 


sussipiary or Western Electric Company inc. 
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TYPICAL SOLA REGULATED DC POWER SUPPLY Output Voltage vs Load Current 
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load 


+ 


130v | primary 


D.C. Output Voltage 
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3.0 4.0 5.0 


D.C. Load Amperes 


Curves covering output voltage of a Sola Constant Voltage DC Power Sup- 
ply show flat regulation between 25° and 100°. of rated load, and rapid 
drop to zero beyond 


RELIABLE, regulated DC power supply 


Here’s a regulated dc power supply that will 
protect its load and itself from a fault or 
short beyond the primary of its power 
transformer. If you’re interested in a sim- 
ple, reliable source of regulated de power, 
you'll like the Sola Constant Voltage DC 
Power Supply. 


This very desirable load protection char- 
acteristic results from the current-limiting 
action of the Sola Constant Voltage Trans- 
former. It is combined with a semiconductor 
rectifier, and a high-capacitance filter. The 


current-limiting action protects both the 
rectifier and capacitors from damage by 
preventing excessive charging current. 

This unique combination of components 
results in a power supply that is unusual in 
other ways as well. Regulation is within 
+1% with up to 10% line voltage variation 

. . ripple within 1% rms... . efficiency is 
high. It’s also well-suited for intermittent, 
variable, and pulse loads. 

The Sola de supply is reliable, simple, 
compact, and moderately-priced. 


Write for Bulletin 26K-DC-235 
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illustrating its current-limiting characteristic 
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Fixed ovtput — six rat- 
ings available from stock 


Adjustable output — 
six ratings from stock 


Custom -designed units 
produced to your specs 


ada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont 


Co a a 





PRODUCTS 


CORPORATION 


CIRCLE 45 ON READER-SERVICE CARD -> 








f 


MAGNETIC 
aN od ol 
APPLICATIONS 


AMPEX 





CORPORATION 











When to use magnetic tape in automatic control 


iron dust and a magnifying glass provide a revealing visual comparison 


You are seeing iron dust clinging to signals recorded on 
magnetic tape. There can be 3200 extremely reliable binary 
bits on one square inch—or analog control information simi- 
larly compact. In the compacting of automatic control data, 
magnetic tape is supreme — second only to nature’s remark- 
able chromosome. Nature makes people, dogs, cats and 
monkeys. Magnetic tape recorders make, for example, ma- 
chined parts—their shapes the most complex and precise 
that have ever been produced in quantity. It is done by nu- 
merical control. The principles involved are very widely 
applicable to all kinds of control applications. Three main 
criteria determine where magnetic tape is your best choice. 


Criteria No.1: QUANTITY OF CONTROL DATA 

Any automatic control operation that can benefit from 
very large numbers of time-synchronized commands is a 
natural candidate for magnetic tape. For example, contin- 
uous-path control of a milling cutter may require X, Y and 
Z coordinates at several hundred points per inch of tool 
movement. The more points, the greater the accuracy. A reel 
of magnetic tape can define millions of points at extremely 
low unit cost 

Continuous real-time control of variables is applicable to 
process programming, simulation devices, automatic inspec- 
tion and electronic-system checkout — provided there is need 
for great accuracy in a complex situation. The program tapes 
may incorporate the work of giant computers and intricate 
interpolating devices. A great advantage of magnetic tape is 
that the computer and interpolator are used only during tape 
preparation, hence may be shared with many other needs. 


AMPEX INSTRUMENTATION DIVISION - 


» St slist for per " ’ { 


860 CHARTER 


Criteria No.2: HIGH TRANSFER RATE 

The Ampex FR-300 digital tape handler can spew out 
alpha-numeric characters at rates as high as 30,000 to 90,- 
000 per second. A short burst of digital information equiva- 
lent to a standard punched card can be extracted from mag- 
netic tape under 4 milliseconds— including start and stop. 

On analog position-control data, magnetic tape can pro- 
vide many hundreds of complete commands per second — 
200 per second in one example and up to eight times this 
many if needed. 

On control-system monitoring, a recording of as much as 
two hours duration can be played back in one minute for 
review by high-speed computers. Ampex tape recorders with 
overall speed ratios as high as 120-to-1 are available. 


Criteria No.3: ERASURE AND RE-RECORDING 

Magnetic tape can be erased to accept new data an end- 
less number of times. Hence tape-loop recorders can operate 
on a repetitive cycle of recording, reproduction, erasure and 
re-recording to serve as time-delay devices or endless moni- 
tors. Such a loop can be the analog equivalent of a produc- 
tion line, conveyor belt or process flow. The loop keeps in 
step, accepts sensing information at one place and then trig- 
gers commands at some fixed time downstream. Or as a 
calamity monitoring device, the tape loop stores information 
briefly and erases it to make way for new data if nothing 
has occurred 

Can we advise you on a specific application of magnetic- 
tape control or send further literature on magnetic-tape re- 
corder principles end applications? Write De pt. HH-19. 
STREET + REDWOOP CITY 


A. and da i ring repre 











Characteristics for 
every application 


VIBRATION 


Airpax makes 
all types of choppers 


400 CPS 
MINIATURE 
Most types are available in variations of mount- 

ing styles, terminal headers and temperature ranges. 


Airpax types 175, for 60 CPS and 300, for 400 

CPS, are considered “standard types” because of 

their universal applications. Large quantities are 

produced and sold yearly. They perform faithfully 

60 CPS in critical circuits year after year without attention. 


MINIATURE The center pivot used in type 371 braces the 
vibrating armature against extremes of shock and 
vibration. Type 199 is suitable for VHF direction find- 
ing equipment while type 600 has a DPDT contact 
arrangement for multiple signal mixing. 


Type 2300 is a new low noise chopper in which 
special constructional features reduce chopper con- 
tact noise to one microvolt or less. 

All Airpax choppers are accorded the 
same care and attention in manufacture 
and test whether production is large and 
continuous or limited. 


THE 
CONTACT 


MODULATOR AIRPAX) 


Several parts of the 











new Chopper Series AIRPAX PRODUCTS COMPANY 


CAMBRIDGE DIVISION 
JACKTOWN ROAD © CAMBRIDGE, MARYLAND 
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Digital and Analog Computers at Work 


SOLVING A TINPLATE INSPECTION AND BILLING PROBLEM WITH 


MODULAR COMPONENTS 


The trend towards purchasing tinplafe 
direct in large coils rather than in sheets 
brings about a change in inspection tech- 
niques. No longer is it possible to 
separately inspect each sheet; instead, 
inspection must now be done at line speed 
on the delivery end of the tinning line. 
As complete coils of tinplate will now be 
shipped to the customer, steel companies 
will need permanent, accurate defect 
records. 

General Electric is now solving this 
problem for several tinplate producers 
by automating their data logging with 
the new Model 302 Automatic Inspection 
Data Accumulator for Tinplate. This 
system provides a complete, typewritten 
record for quality control and billing 
purposes immediately upon completion 
of each coil. 

Unlike many computers installed in 
factories, the G-E Data Accumulator is 
designed specifically for an industrial 
environment, not for office use. Modular 
electronic units are mounted on strong, 
3/16 inch metal frames in completely 
enclosed cabinets. The all-transistorized 
plastic coated printed circuit plug-in 
cards are easy to repair; maintenance 
costs are reduced since cards may be re- 


used, and spare parts stock is kept small. 

In addition, an exclusive new magnetic 
drum application cuts out approximately 
60% of previously required electronic 
gear. Not only does the reduction in com 
plexity increase reliability, but the space 
and dollar saving also allows sufficient 


duplication of circuitry for constant 
cross-comparison of dat re 
maintenance can be performed 
section while the othe ntir 
data. Magnetic storas 
the danger of losing st 
fails. 


ventive 
on one 
1es to log 
so eliminates 
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ONLY 8 HOURS INSTRUCTION REQUIRED 
TO OPERATE PRODUCTION SCHEDULING 
COMPUTER 


The new G-E 306 desk-size analog com- 
puter, designed to solve office and fac- 
tory production and business problems, 
can be operated by the average clerical 
worker after only 8 hours instruction. 

The computer is used wherever multi- 


plication of a number by each of fifty | 


coefficients and the summing of the 
results is required. Up to twenty-four 
such numbers may be multiplied with 
one setting of dials. Manufacturing 


| 
| 


COMPUTING SERVICES GROUP HANDLES COMPLEX ORIGIN-DESTINATION STUDY 


FOR WESTERN CITY 


The Computing Services Center of the 
G-E Computer Department recently 
completed an origin-destination tabula- 
tion for the Phoenix-Maricopa County 
Traffic Study Group in Phoenix, Arizona. 
The results of this tabulation, when ana- 
lyzed, will enable the group to plan the 
street and highway development pro- 
gram of this desert metropolis for years 
to come. 

Using manual, or simple computing 
methods, such tabulations often take 
many months—sometimes years—to com- 


plete. However, using the Computing 
Services Center Computer on a rental 
basis, the job was completed in just afew 
weeks. The Computer Department also 
performed the difficult programming job. 

The Computing Services Center of 
G-E’s Computer Department is staffed 
with 125 analysts, programmers, coders 
—all leaders in the computer field. Their 
services are available, along with time 
on the large and versatile type 704 com- 
puter, to handle the problems of indus- 
try, business, government and education. 





problems such as production scheduling, 
materials explosion and work station 
load impact studies, as well as business 
problems like budget syntheses and 


operating reports (or any other first 


order linear equation problem) may be 


solved. 
A typical solution takes only 2 min- 


utes. The unit operates on 115 volts. 


; 


For more information, contact 
nearest General Elect 
Sales Office, 
Room 102, General Electric Company, 
1103 No. Central Avenue, Phoen x, Ariz. 
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What’s your application for 


versatile recorders? 


TI’s Applications Engineering Department invites your requests for technical 
assistance in OEM or end uses. Here are a few of the present applications. 





ie Os) 


SINGLE and MISSILE TESTING 
Rectilinear Galvanometric Recorders, with a wide choice of sensitivities and “recti/riter” a bank of “recti/riter” units recor 
accessories, offer the most complete ranges available for recording electrical parameters voltage frequencies and currents 
from many types of transducers 


MEDICAL RESEARCH AIR NAVIGATION QUALITY CONTROL 
used with rate meters and nuclear —used to monitor ILS beams . ; used on numerous production line 

scanners also used to monitor also used to monitor LORAN signals o check sizes and contours of 

rate of impurities in vaccines as well as assembly rates 





METEOROLOGICAL AUTOMATIC COMPUTERS OlL EXPLORATION 
records wind directions and veloci- for studying stability of electrical used in well logging 
ties : also used in studies of parameters that affect accuracy airborne magnetomete 
Aurora and air glow through scin- scintillometers 

tillometer counters 


RADAR SPEED METERS 
—used in police vehicles to visually 
record speed of passing motorists 


Ti will custom manufacture 


OCEANOGRAPHY 
—records wave frequency and mag- 
nitude . . . also monitors underwater 
pressures 


recorders to your specifications for OEM 
use. Write for complete information. 


CONTROL ENGINEERING 


ATOMIC TESTING 
— used to measure radiation 
fall-out at test centers and nuclear 
installations 


“recti/riter” ° TEXAS INSTRUM ENTS 


NCORPORATEOD 


INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY * HOUSTON, TEXAS * CABLE: HOULASB 
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by Foxboro... 


engineered for 
the most advanced 
transmission techniques 


Telemetering matched in performance with famous 
Foxboro instruments — that’s the Foxboro Teletax 
Telemetering System. 


Through use of impulse-duration signals, Teletax 


electrically transmits measurements of a remotely- 


located variable to the central control station. Here, 
the Teletax receiver records the duration of impulse, 
which is directly proportional to the measured 
variable. 


The Foxboro Teletax System is noted for its simplicity, 
its versatility, and its high sustained accuracy. For a 
transmission medium, it can use either AC or DC, an 
audio frequency carried on a transmission line, or 
radio or microwave impulses. Sustained accuracy is 
0.5% of full scale. 


The Teletax Transmitter needs no periodic mainte- 
nance whatever, while the receiver requires only 
occasional oiling. And the receiver has a minimum 
of mechanical components to wear — no clutch to 
slip or jam. 

Foxboro Teletax Systems are now in wide use on 
natural gas systems, water works, oil fields, power 
plants, steel mills, etc. Write for Bulletin 17-11C — 
it gives all the details. The Foxboro Company, 3611 


Norfolk Street, Foxboro, Mass. 
*Reg. U.S. Pat. Off. 


TELETAX RECEIVERS 


Teletax receivers include: 
Single or Dual Receivers; 
Multi-Record Receivers for 
recording up to 6 separate 
measurements on one chart; 
ond Teletax Receiver-Con- 
trollers for automatic 
operation. And the Teletax 
signal can be simply con- 
verted to digital information. 


TRANSMISSION LINK 


With Foxboro’s Teletax Tele- 
metering System, you can use 
the most advanced transmitting 
techniques: two wire lines, 
power lines, radio or micro- 
wave. As many as 25 different 
signals can be handled in each 
direction, simultaneously 


TELETAX TRANSMITTER 


The Teletax Transmitter houses 
either one or two standard 
Foxboro measuring elements — 
plus the Teletax transmitting 
mechanism. It will transmit to a 
control center hundreds of 
miles away just as easily as to 
one nearby. It also indicates or 
records locally if desired. 


FOX ~BOR 


TELETAX TELEMETERING 
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What’s the size of your design problem? Facing a multiplicity of 

project details? It’s no laughing matter when you’re caught short-handed 
on a critical design program. You need proved engineering ability plus 
systems capabilities you can count on. Next time...this time 


LOOK TO INET FOR 
UNIQUE DESIGN CAPABILITIES 


Here’s another example of INET 
capability: the console, recorders and 
related instruments built, installed 
and wired by INET for Atomics 


International’s L-54 nuclear research 
reactor. The solution-type L-54 reactor, 
which has a rated power capacity of 
5,000 watts, was designed and built by 
Atomics International for the West Berlin ial 
Institute for Nuclear Research. It is 4 


being used for German scientific, 
medical and industrial research. 
Engineers desiring a special reprint 
of the cartoon above should write t« 


‘*36-22-36,’’ “> Inet Division, 
Leach Corporation. 
INET DIVISION LEACH CORPORATION 


18435 SUSANA ROAD, COMPTON, CALIFORNIA 


5 AND FIE REPRESENTATIVE N PRINCIPAL CITIES OF U AND CANADA 


ACH CORPORATION, INTERNATIONAL Divis 
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. Wsid Power NEWS 


NEW 
INDUSTRIAL 
SERVO- 
CONTROL 
VALVES 


Tew Oilgear Electrohydraulic Servocontrol Valves 


SERVO VALVE DESIGN OBJECTIVES: 1: Greater con- 
trol accuracy and resolution for rotation and straight- 
line drives. 2. For industrial applications, must be 
capable of controlling wide pressure and volume range 
with single-stage, fast response to a low input signal. 
3. Eliminate conventional valve frictional problems be- 
tween spools and cylinders. 4. Eliminate two-stage 
linkage and stability problems. 5. Eliminate first-stage 


SOLUTION: 1. A new concept of three and four-way 
single-stage electrohydraulic servo valve construction 
: only two moving parts in Oilgear’s new “Swing- 
Plate” design. 2. No metal-to-metal contact between 
“Swing-Plate” (a) and valve body (b) .. . friction- 
less for high sensitivity, fast response to minute signals 

virtually eliminates sticking, scoring, jamming. 3. 
Clearances and port seal sizes can be varied to suit 
application and fluid handled. 4. Sharp, long rec- 
tangular chambers and lands linearize valve character- 
istics flow rate essentially a linear function of valve 
displacement supply high fluid power gain with 
minute “Swing-Plate’” movement. 5. Hardened stain- 
less steel construction assures reliable operation well 
in excess of a hundred million cycles, even with non- 
lubricating fluids. 6. No pilot system pressure, centering 
devices, orifices, or internal filters required. 7. Spring- 
steel supports (c) respond instantly to low torque 
motor forces. 8. As torque motor armature (d) pivots on 
torsion shaft (e), valve automatically centers in event 
of power failure for “‘fail-safe’’ operation. 9. For opera- 
tion above 500 psi, a compensating cap equalizes hy- 
draulic forces to maintain selected clearances. 10. No 
special modification required for use in hazardous loca 
tions. 11. Valves — open or enclosed can be 
gasket-mounted. Pipe tap subplates are available. 
PERFORMANCE DATA: Flow Rate — 4 gpm at 250 psi; 8 gpm at 1000 
psi pressure drop across valve. Supply Pressures— to 3000 psi 
Torque Motor; Mid Position Force—11 Ib min.; 5 watts max. power 
demand; Stroke — + 0.015 inches; Hysteresis — less than 3%; Differen- 
tial Current 150 ma; Resistance per Coil—80 ohms. Other coil 
current and resistance values available. Net Weight—4'% Ib. Width: 
4Y,"; Height: 24%,"; Depth: 3” 


Oilgear can supply all components for Fluid Power 
Servocontrol systems . all-transistor amplifiers, 
manual controls, preset controls, two-stage servo 
valves, variable displacement pumps, variable speed 
drives. motors and cylinders. 


pilot systems — supply pressure, centering devices, 
filters, and orifices required for pilot systems. 6. Pro- 
vide a flow rate substantially linear to valve displace- 
ment, with stability in null position. 7. Eliminate or 
substantially reduce valve “dead-band,” sticking, jam- 
ming, scoring. 8. Be “fail-safe.” 9. Operate safely in 
hazardous locations. 


Oilgear Servocontrol 
Valve with 
enclosure removed 





New Oilgear Servocontrol components applied to controls 
on Oilgear pumps and transmissions provide greater system 
accuracy and resolution. Functions easily attained with 
new Oilgear Servocontrol open and closed-loop systems 
are: 1. Precision, high-response speed control from zero to 
maximum rpm in either direction through remote control 
stations or switches. 2. Positive, high response, follow-up 
position control through remote command units. 3. Out- 
put motions or speeds with closed-loop systems will remain 
near constant with accuracies from 0.1% to 1.5%, and 
with resolution down to 0.05%. 

For further information on these new valves and systems, 
call your Oilgear Application-Engineer. Or write, stating 
your specific requirements, directly to... 


THE OILGEAR COMPANY 


Application-Engineered Controlled Motion Systems 


1587 WEST PIERCE STREET e MILWAUKEE 4, WISCONSIN 





ELECTRONIC 
ASSOCIATES LONG BRANCH. NEW JERSEY . CAPITOL 9-1100 


A AONE ee 


EAI’ 
SUSTAINING S LEADERSHIP IN THE FIELD OF 
ANALOG COMPUTING 


EAI’s new series Application Bulletins and 
Simulation Bulletins provide dramatic evidence 
of the growing success of PACE Analog 
Computing equipment in solving design engi- 
neering problems. See why two-thirds of all 
Analog Computers in use today bear EAI’s 
PACE emblem. For 231R Analog Computer 
Bulletin No. AC-802 or for literature describing 
successful applications in your industry, 

write Dept. CE-11. 
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INDUSTRY’S PULSE 


Soviet Control Makers: 


can they capture the international market ? 


\ youthful Sovict control industry is busting its breeches. It 
is virile and somewhat erratic, but it is concentrating on produc 
ing bread-and-butter control items. U.S.S.R. collected statistics 
show that production of control products in the Soviet Union has 
tripled in four and a third years, while that of the U. S. has tripled 
in 10 years. The Russians also claim that prices of these products 
decrease 3 percent per year. In contrast, U. S. prices have in- 
creased about 7 percent per year. 

Such favorable trends are why the Soviets feel they can capture Seviet brandmarks 
1 big share of the international control market. If the U.S.S.R 
can sell a trade agreement to the United States, American manu- 
facturers will start meeting, in increasing numbers, the Sovict 
brandmarks seen on the next page. These identification marks will 
be afhxed to mass-produced system components such as trans 
ducers, recorders, relays, controllers, drives, and valve actuators— 
and to some of the more prosaic systems, too 

\ccording to Soviet plans, each brandmark will be identified 
with a rather narrow product line, rather than a broad line that 
would cover most of a customer's applications. For example, \ 
for “Vibrator” plant in Leningrad) will appear on low-cost de and 
ac meters and an eight-channel oscillograph. Production of this 
plant, and the goal for 1960, compared to a base of 1950 = 100 





TYPES OF INSTRUMENTS 1950 1952 1954 1956 1960 
(est.) 
Oscillographs 100 115 151 217 494 


Switchboard electrical measuring instruments 100 =«=+2169 193 315 469 
Precision electrical measuring instruments 100 155 249 297 978 





\nnual production at this plant in 1957 was reputed to be 300,000 
instruments, valued at 120 million rubles (roughly $15 to $20 
million, depending on how you figure the exchange rate) ; employ- 
ment reached 3,000 people. “Vibrator” has an absolute Soviet 
monopoly on the eight-channel oscillograph; it produces 300 of 
them per month, sells them at 5,000 rubles each 

Part of “Vibrator’s” output is already finding its way into inter 
national trade channels. Its products now go to 30 countries, 
among them Czechoslovakia, Argentina, India, and China. 

\I3M, the brandmark of the Moscow “Manometr”’ plant, will 
appear on self-balancing recorder-indicators (present production 
2,500 per month on an assembly-line basis) , mechanical pressure 
gages and manometer indicators (500 types and ranges; total 
present production, 40,000 per month) , and differential pressure 
transmitters (current produ tion: SOO per month) 

Price of “Manometr’s” circular chart, single pen, electronic 
recorder has dropped from 3,300 rubles in 1949 to 2,360 rubles 
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Puzzled by ground 
loop problems? How to rescue 
microvolt signals 
from volts of noise? 


HERE’S WHY KIN TEL’S DIFFERENTIAL 
DC AMPLIFIERS FIT IN INSTRUMENTATION SYSTEMS 


a int 
These are just a few of the many outstanding features of the Model 
114A differential DC amplifier... features that make this amplifier 
really work in instrumentation systems...features that will help solve 
your instrumentation problems today. 


Ideal for thermocouple amplification, the 114A eliminates ground loop 
problems; allows the use of a common transducer power supply; per- 
mits longer cable runs; drives grounded, ungrounded or balanced loads, 
and can be used inverting or non-inverting. 

For additional information and technical literature on this exceptional 
instrument, write or call KIN TEL — the world’s largest manufacturer of 
precision, chopper-stabilized DC instruments. 


KIN TEL 114A 

differential DC amplifiers 
...-convenient, interchange 
able plug-in mounting in 
either 6-amplifier 19” rack 
mount modules or single 


amplifier cabinets 


5725 Kearny Villa Road, San Diego 11, Calif. 
Phone: BRowning 7-6700 


Representatives in all major cities 
A Division of Cohu Electronics Inc 
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today. Manometr’s miniature strip-chart electronic recorder, how- 
ever, is still not in full-scale production. Currently selling for 4,500 
rubles, it will have its price cut 40 percent when assembly- line pro 
duction starts, making it more nearly eee price-wise. 

All this appears to signal the doom of U.S. dominance in inter 
national control markets. But sounding a ri ith knell is quite 
premature. It is easy to ke awed by the rate of growth in Soviet 
output when you don’t examine totals closely ‘and forget that 
the U. S. has two edges the Soviets may never overhaul: 1) quality 
of control products measured in better designs and greater relia 
bility; and 2) vastly superior customer service. 

Last year, the Legisl: itive Reference Service of the Library of 
Congress studied several key Soviet production figures for 1928 
(when Soviet industrialization began in earnest) and 1955. The 
study showed that Soviet gains were, on the average, matched by 
advances scored by the U. S. in far earlier periods. ‘These figures, 
undeniably impressive, testify to the youth of Soviet industry, not 
its innate superiority over U.S l'ypic il statistics 


SOVIET No. of years for 
PRODUCTION U. S. PRODUCTION U. S. to reach 
Item 1928 1955 Date Amount Date Amount 1955 Soviet output 


Tractors 13 163 4] 1909 20 1919 164.6 10 
(thousands) 
Trucks 07 329.0] 1904 1920 321.8 16 
(thousands) 
Crude Petroleum 11.6 1902 1922 73.2 20 
(millions metric tons) 
Steel 43 45 3 | 1890 1917 45.8 27 
(millions metric tons) 
Electric Power 50 170.1 1902 1940 38 
(billions kw hours) 





Soviet deficiencies in marketing techniques will give the 
West a big edge. ‘To Russian industrv, marketing means moving 
goods, physical distribution only—not customer service. 
control makers observe a guarantee period, but they do not tg 
their customers anything about application engineering, nor « 


supply any application engineering. In fact, Russian contrgf plants/ 


have no contact at all with the customer except through tradipé 
organizations, which sell on price alone. 

[his means that buyers can probably do all right o1 
Soviet control products needing no applic: ition or specia affen- 
tion. ‘The increasing sophistication of present col rol eghipmer 


and the tendency to systems engineering thus works afaipst the 


Soviet approach. It is here that Western marjifactyg€ts/ experi 


enced in tough market competition, make their ongfst cases: 
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4 (gig A) Family of 
| Instrument 


Transistors! 


Specially engineered Transistors to meet the specific needs 
of Control Circuitry ...from Philco Transistor Center, U.S. A. 


System designers now have, at their fingertips, a full range of outstandingly reliable transistors to meet the specific 
requirements of counters, metering devices, amplifiers, logic elements, relay drivers, pulse modulators, pulse line 
drivers and many other instrumentation applications. 


2N226—250 mw high gain, low frequency PNP 

germanium junction transistor for medium power 2N636—micro-miniature high gain, general pur 

relay driver and signal output applications. pose audio frequency germanium PNP junction 
transistor for use in metering decoders, signa 

2N240—general purpose, PNP germanium sur- amplifiers and telemetering applications where 

face barrier high speed switching transistor for use outstanding reliability is required in minimum space 

in counters and logic circuits. 


2N386—60v. germanium power transistor for | 2N696— medium frequency, medium power, high 
servo amplifiers, high power-high voltage audio 
circuits, servo amplifier output stages, dc.-to-de. 
converters and high power relay drivers. 


current PNP alloy junction transistor for counters and 
logic circuits. 


2N393—high gain, high speed germanium micro ra | “ 2NGOO—studded version of 2N598 for appli 


alloy transistor, especiaily well suited to wide 
/ cations requiring higher power dissipation 

fan-in and fan-out logic systems. 

2N496—very low saturation resistance, high 

switching speed PNP Silicon surface alloy transistor 

for high temperature counters and logic elements. 


2N670—very high peck current, high voltage, 
low frequency PNP germanium alloy junction tran 
sistor in JETEC-type package. The 2N670O is specifi 
2N6O01—high gain, super high frequency ger- cally engineered for pulse modulators and pulse 
manium micro alloy switching transistor for use in line drivers 
extra high frequency counters, logic circuits and 
wide-band video amplifiers. 

2N671—specially studded version of 2N670 for 
2N602—very high frequency small signal ampli- i applications where high average dissipation 
fier micro alloy transistor for general purpose is encountered. 
amplification at frequencies up to 400 m.c. 


Make Philco your prime source for all transistor information and prices. Write Dept. CE-1158 


a ROMO) 110) y Vile]. 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 





if You Reported On 
Control inside Russia .. 


would you write what is printed on pages 65 through $0? That was 
the question and the challenge. ‘To put on your shoes, see with your eyes, 
hear with your ears, and ponder with your brain. ‘To fence as you would 
with Soviet officials for visits to plants and institutes and for exchanges 
of technical know-how with Soviet engineers and scientists. ‘lo ask yout 
questions—about measurement, data transmission, recording, data han 
dling, computation, testing, decision-making, or actuation, and to seek 
out applications similar to those for which you are responsible—in raw 
material processing, electrical power generation and distribution, nuclear 
power, metallurgy, fabrication, machine tools, military vehicles, or control 
product design and marketing. 

It seemed like a tall order; but 13 colleagues from the control field, a 
technical journalist's dream team, cut the job down to size for me. Each 
took a topical assignment. With block diagrams, schematics, equations, 
and hand signals they communicated qualitative information with Soviet 
engineers. (They missed the chalkboards that are so common in the 
ofhces of American control engineers but so rare in the working quarters of 
their Soviet contemporaries. ) Able interpreters maintained quantitative 
communication and clarified terminology. A battery of American, Jap- 
anese, and German cameras (including a Minox equipped with strobe 
flash unit), two dictating machines, and scribbling pens recorded a mil- 
lion observations. Written in your vernacular and directed toward your 
frame of reference, the essence of these observations makes up what | 
think you would report 

Fourteen American engineers from two technical delegations visited 
plants and institutes in a trapezoidal area of U.S.S.R. real estate roughly 
bounded by Leningrad, Moscow, Tula, and Kiev. ‘They were members 
of the six leading U.S.A. technical societies concerned with control. That 
the visit took place is extremely important to our technical community, 
but it has, after all, produced only one set of observations in time and 
space. This set has a high value now, but isolated, its value will have a 
short half-life. Its value can grow only if similar visits occur again and 
again, each one widening our present and future knowledge of U.S.S.R 
control technology and our acquaintance with U.S.S.R. control engineers 


 E Vaunak 


NOVEMBER 1958 








oscilloscope 
$435 


DC to 200 KC coverage; automatic triggering, 
minimum controls 


Sweep speed range 1 ,sec/cm to 0.5 sec/cm; 
x 5 sweep expansion all ranges; vernier 


15 calibrated sweeps, 1-2-5 sequence 


Automatic synchronizing on any internal or 
external voltage; also line voltage 


High sensitivity, calibrated vertical amplifier 


All power supplies regulated for 
maximum stability 


New -hp- 120A and -hp- 1 20AR (rack mount) oscilloscopes. Note space-saving 7” height of 120AR. 


These totally new -hp- oscilloscopes are engineered to perform most 
oscilloscope measurements more quickly, simply, dependably. Automatic 
triggering means no adjustment over entire range. Yet automatic 


trigger and base line can be cut out for bright, steady photography trace. 


Sweep speeds vary from slow for mechanical or medical work to high for rapid 
transients. High sensitivity permits working direct from transducers in many cases. 
Vertical and horizontal amplifiers have identical band width for phase measure- 
ments. Voltage regulation on all power supplies insures steady, drift-free traces. 


These new instruments combine calibrated precision for lab work with 
brute ruggedness for the production line; the rack-mounted 120AR 
is ideal for fixed installations and test consoles. 


Call your -hp- representative for full information and 
demonstration, or write direct. Fast delivery! 


HEWLETT-PACKARD COMPANY 


4621H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK" »* DAVENPORT 5-445] 


-hp- provides industry’s newest, most complete oscilloscope line 
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A Team Reports 
on Control 
Inside RUSSIA 


5 CONTROL ENGINEERING SPECIAL REPORT 


Moderated by 

WILLIAM Ek. VANNAII, Control Engineering 

\ 16-day tour of plants and development institutes reveals th 
growth of U.S.S.R.’s control industry, the key part that control 
application plays in the growth of Soviet basic industries, and th 


ability of Soviet control engineers to “make-do” with standard p1 
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Delegaticns were the rage in the U.S.S.R. while the 
13-man deiegation of the American Automatic Control 
Council was there from Aug. 17 through Sept. 2. Our 
ingoing flight carried delegate Abdula W habkan, speaker 
of the Pakistan House of Parliament, to a congress of 
parliamentarians. At the Hotel Ukraine in Moscow we 
met U.S. delegates attending a meeting of the Inter- 
national Astronomical Union at Moscow University 
Members of a U.S. target-rifle team were also on hand 
A ten-man electrical industry delegation led by Detroit 
Edison President Walker Cisler, grouped around an 
American flag on a table in our dining room each tim<¢ 
they returned from commuting trips to power stations 
and electrical machinery manufacturing plants. Th¢ 
luggage of an enormous trade and political delegation 
from Hungary clogged the usually spacious lobby of 
our hotel a few days before we left the U.S.S.R. Just 
ahead of them appeared a four-man American computer 
delegation invited by the Institute of Precision M«¢ 
chanics ¢ Computers of the Academy of Science 
Norman Scott, whose story appears on page 7 
of this report to you, was a member. 

Officially, we were guests of the Government Scien 
tific €* Technical Committee (GSTC), of which Y 
Maksarev, a member of the Council of Ministers, 1 
chairman. Unofficially, the Institute of Automatics © 
T'elemechanics of the Academy of Science acted as host 
from time to time. The lines of separate authority 
blended somewhat in the latter days of our visit under 
weight of the obvious advantages of having Institut 
personnel meet extensively with their opposite numbers 
in our delegation. 


as part 


oe 


66 CONTROL ENGINEERING 


N 
vton, MIT; 
n } UIT 


Ss. W 


Herwald, Westinghouse 
bbe rid 


r'hompson-Ram 
Cohn, Leeds & N 
R. J]. K 
ment; H. W 


t 


TOUR 


Three black lin 
Red Arrow” sleeper train to I 
vo-motored Ilushin return to M 
the 
industr 
included a wide variety of Soviet enterpri 
use, manufacture, or devel p contr 
Aug. 18 Moscow Steam Plant Ne 

19 Industrial Exhibit Ma 
Acad. of Science Pavilion 
Watch-making plant, Moscow 
\loscow Physical S 
Dept. Experimental Machin 
Research Institute ENIMS 
‘ZIL” automotive works, M¢ 
Institute for Automatics @ 
mechanics (IAT Moscow 
Vibrator” plant, Leningrad 
oscillographs and instrument 
cating electrical variabl 
E-lectromechanical plant, Li 
Kinap” plant, Leningrad 
forms of cinema equipm 
Inst. for Standards &* Mea 
Pula Metallurgical Combine 
trol theor 
design and application of digital corm 
puters, 


tiSiIK i iwht 


fy 


Because 
control cut across 


transportation team 


basic 


hiner 
Hhiti¢ 


Vic 


Unyyv., 


Group discussions of con 


economics of control, and 
design of control product 

Manometr” plant, Moscow 
Ball bearing plant, Moscow 


Sept Atomic power reactor at Obninsh 








ipplications 
handed 


1 
bhecly 
1 if 
| n n it 
trial ent 
nl I il £ 
raph li | 
iM 1 
Ihe U.S.S.R 
vatch higl 
xpects ¢t 
; ort 
t i 
ind it ) 
+} iwh 
putn { 
techn 
monst 
\ 
n 
U.S.S.R 
] nt 
' } 
4 . ' 
' 
i 
Ill 
r¢ ne 
of Autom & 
pu th n 
Mmpon a 
tral cuire 
tan l 


a 


| } 
Cl 





R Instit I Va 1M 
th ttitu ee t ft i ! 

i xi technician One of ou 
ort 1 a 1l6-da tour t Soviet 
ud it. Personnel manning indus 


ind white ¢ 


OmMull 


im it in factor Charts an 
plants and at the Industral Exhibit 
t the f mot n 
turned ut 27 million well-mad 
mechanized plants last year and 
this output by 6 million this year 
ne imecrease in ill “instrument” 
50 to | ( ! rding to Figure |, 
i 1S¢ r 2.5 tink from 1956 
the ime time it ha pr duced se 
lerstanding of the part that control 
1 an industrial mmplex that can 

ri ntial to western control 
t industrial management now ré f 
mnt is ft t mificant ke te 
n 
Planni Committee recognition 
nting of higher production bonus« 
t and engineers of plants producing 
ian to then ounterparts even in 
to Sovict prog is truck and aut 
ime recognition show up in the 
ntists and engineers at the Institute 


mechani IAI in Moscow 


to 


pecial bents in development of theory, 


} 


\ 


And it shows up in arbi 
down to follow 
Institut 


measurement 
the 


of Standards, Gage 


| 


nittee f 
CONTR( 
’ f Fx 


A. Proko; 1 rect 


ENGINEI 


director of Institute of Aut 
& Metrology It is clear that contr 
ilient behind which the U.S.S.R 
us manpower, productive ypacity 
talent This forced activity is not ne 
[he ectric power, metallurg 
machinery industries have al 
ne time, suffered under it 
Progress to order 
Moving “only forward” by di ti 
ilready ha 1used, some ctback t 
technology There is the story 


directive wa 
gaging wheicver possible - first. be 


trides in 


ssued instructing plants t 


reat improved performa 
proce htted with these gaging elem 
because the t chniqu vas the latest th 
neasurin icment VC ICVve Ip t 

) ida idiation, linoleum 
thickn ncentration of | n 

\ if molten steel in the tall 

i Slab machin Th h 

Wma l yf such high int ty ft 

red workmen operating the machin 
ing clements have been rem ne 

itil protective shields can be inst 
ng means found Ihe loss in nfi 
ily overcome. 

Notwithstanding the false starts anc 
priming of control application, the t 
rreatcr mechanization and mor¢ phi 
to obtain increased production of gu 
luxuries l'o-date, the industries in wh 





NOVEM 





BER 


1958 


+ + 
Ih 
+} 
hat 
; 
n+ 
I} i 





been applied’ most completely are the basic ones that 
support industry. They fell in the following order 
when V. Karibsky, automatics chief of the Government 
Scientific & Technical Committee (GSTC), listed 
them according to the degree to which he considered 
them automatic. 

Power, especially hydroelectric 

Steel and other metallurgical industries 

Petroleum refining and production 

Heavy machinery, especially for automobile and air- 

craft manufacture 

Chemical: synthetic rubber, alcohol, and ammonia; 

plastics and synthetic fibre are just getting started. 

The order will shift as production of consumer goods 
increases, and Karibsky seems quite conscious of the 
necessity of proving the productive and economic gains 
offered by mechanization and control in the new indus- 
tries as well as in the old. However, his facts and 
techniques for proving out are not as complete as ours 
(and ours are often sketchy). He indicated that the 
U.S.S.R. Central Planning Committee favors applica- 
tions of improved control primarily to reconstructed and 
new plants. In them the committee keeps one eye on 
economic payout time (N. N. Elshin of the Govern 
ment Committee for Chemistry mentioned that two 
vears is considered satisfactory in his industry), but pays 
much more attention to dramatic increases in produ 
tion and productivity per man hour. Therefore cas 
studies are reported in these terms. Karibsky offered 
examples that he considered outstanding. Among them 
was a doubling of the First State Ball Bearing Factory’ 
(Moscow) output from 1950 to 1956 through mechan 
izing a series of manual machining and inspection steps; 
personnel increased by only 8 percent. Another was a 
500-ton-per-year saving in basic raw material, ethyl 
alcohol, at the Efremov Synthetic Rubber Works 


through making a series of processes automatic. 


Application engineering by bureaucracy 


Within the scope of marketing an American control 
manufactuier includes teaching his customers how to 
apply and maintain the product. He may 
application engineering on new problems. But the 
U.S.S.R. economic system does not include marketing 
in the scope of its manufacturer’s activities, which mean 
that Russian control makers concentrate on production 
and assume no responsibility for teaching the customer 
or for advising him on application engineering. Manu 
facturer and eventual customer are neatly separated 
Marketing of a product line is conducted by a govern 
ment trading organization. Aside from distributing 
bulletins and catalogs, it doesn’t teach or advise the cu 
tomer, either. Who, we wondered, does? 

We picked up a thread of the answer while talking 
with Maria Tishchenko, control engineer at Moscow 
Steam Plant No. 11. She explained that she and the 
engineering staff at the plant specify and apply control 
equipment needed for routine replacement and fot 
small-scale changes. But engineers in the Ministry of 
Power or in special design institutes handle all specifica 
tion on new construction and major replacements. A 
for education, since graduating from the Polytechnic 
Institute of Leningrad in 1938, she has constantly read 
books and literature on control. 

Another thread appeared at the Metallurgical Com- 
bine in Tula. There we discussed with Mr. Bulachov, 
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director of the plant, the problem of contr li 
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FIG. 4. A system of electronic controllers installed five vears ago FIG. 5. Electric drive unit with character am feed 
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All control media have champions 


As in the U.S., electronics is the most rapidly grow 


ing medium for industrial control, though pneumatics 
ind hydiau ire very much in the rac« Dr. M. A 
\izerman of the IAT believes that while pneumatics ; 
has been thoroughly exploited for transmission, con te? 


tro! function generation, and actuation, possibilities for 
their use im computing control have been overlooked 
l'o demonstrate his contention he has built ' 
*a pneumatic extremum controller that can find and 
maintain an optimum relationship between two variables 


imilar in function to the Quarie controller 
x he 
e match-sized pneumatic logic clements that operate on ‘3 





an acrodynamic jet principle and moreover have the ad 
vantage of containing no. moving parts 





FIG. 7. Disassembled fractional horsepower stepping 





motor that positions the pilot of a rotary hydraulic sen 
ised on an ENIMS machine tool 
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The latter will be described later in Conrrot ENGI 
NEERING. Ed. 

U.S.S.R. petroleum, chemical, and nonferrous metal 
processing plants use pneumatics extensively (there are 
reports that the National Fire Dept. has so far opposed 
electronic instrumentation in chemical and petroleum 
plants). Visitors to the Automation Exhibit in New 
York last June may ‘have seen some of the Soviet 
stacked-diaphragm pneumatic controllers. Figure 3 
shows an arrangement, including one for controlling a 
titanium = reactor. But in steam-generating 
power plants, energized both by combustion and by 
nuclear fission, in steel mills, and on machine tools, 
electronic controls are overwhelmingly in use. Dr. Aizer 
man may well be on an important track with his pneu 
matic logic elements, but those displayed at the 
Industrial Exhibit are electronic (printed wire and 
static components). Figures 4, 5, 6 and 7 show system 
and system components used industrially 


electric 
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FIG. 8. Display on central bulletin board of Moscow’s “Manometr 
plant hails two design innovations. Left 
ind power supply for electronic recorders and indicators; stated 

1,184,000 rubles. Right 


annual resulting 
kup; tated annual resulting 


high-sensitivity 
j 


ium plifie r 
] 


onomy 


high pressure 


rotameter with core-and-coil 
438,000 rubles 


I onom 


Life is beautiful now 


Russian control engineers are technically capable, 
competitive, and certain that they are achieving a degrec 
of material success never enjoyed by their predecessors 
“Life is beautiful today,” often repeated by C. Bolch 
akov, our constant escort from GSTC, expresses their 
conviction. A student starts with a basic science edu 
cation in the university (or basic engineering in a tech 
nical instilute), which costs him nothing if his mark 
are high. Faculty and equipment are good. When 
this work is completed, the student receives the title of 
scientific worker or teacher (in a technical institute he 
gets the title engineer). Only those who take post 
graduate work earn higher degrees. After three year 
of advanced academic study, along with some practical 
work in the field, the student plans a thesis or disserta 
tion. When this is completed and accepted by two 


CONTROL ENGINEERING 


thirds of the members of a board of revie 
awarded the degree of candidate of scienc« 
tional cases where the dissertation has be 
scholarly, the student may be awarded a doctor 
Usually, however, to win the doctorate, a 
prepare a second dissertation (he takes no 
After successfully defending 
sertation, he is awarded the degree of doctor 
ind mathematics, or of engineering or of 
Moscow University’s physics faculty, 
teaches basic and numbers 300 in 
to 50 of whom are professors. ‘The student 
Physics Sciences consists of 3,000 und 


tudent 


ourse wor! 


scicnce 


300 graduates completing their classroom stu 


indidate of science degree. Candidate 


thesis work at institutes such as IAT 


new problems as 


plant employee 
Laboratories in institutes and pl 
ind equipped with a conglomeration 
but the ippal 
Kiequate design Kach 
effort out of tl 


urges him to exceed the limitations of h 


mechanical apparatu 
isers produce 
cxtra 


nomic region draws 


bonuses for innovat 


ncrou 


cngincc! iverage 5,UUU 
50.000 rubl 
f a dollar 
d cloped Dv instrument designe 
Moscow manufacturer of 
rders, and indicators, a hown 
in the ULUU 


] 
from a petroicum 


, 
the purchasing power 


itors Carned award 
ontrol engincer 
i bo k on 
ubwav car demonstrated the 
engineers to learn And well they 
benefits and prestigi 
!! up on the social and ecor 
neers and scientists such as thos 
houses outside Moscow, even if the 
on which the houses are built 


houses i 


n reading 


intens¢ 


iW ird d omy 


them we 


zed their country 
for the day when natural gas becom 

ng will form Moscow’s first wave of ext 
tions, time off for technical teaching 
independent research are all scaled to 
technical Some of the IAT 
wecks’ vacation per year. A. M. Petrovsky 
per week from his duties at the Institu 
information theory. Dr. A. M. Leto 

free ot his administrative duties a 

looks torward to the time when he 

davs per week to work at his country he 
mathemati 


standing 


of nonlinear control system st 

That a voung engineer would read about 
on the subway while on holiday in Mosco 
Academy of Science bookstore on Gorki Street 
town Moscow would be crowded on Sunday 
are open then), that the GSTC would arrange for rapi 
offset reprinting (U.S.S.R. does not recognize the int 
national cepyright convention) of complete issues of 
foreign engineering journals such as_ thos 
Figure 20, are all not surprising when on 
incentives for the Soviet technical man 
considers the leap that Soviet technology has made into 
the modern technical world by appropriating technical 
information cwned (in our sense of the word) by othe 


hown in 
onsiders the 
Or when one 





Development of Theory and New Components 


G. C. NEWTON, MIT 
R. J. KOCHENBURGER, University of Connecticut 





Analog computers for digital systems hem attra t 
I'he institute’s function is described 
as the solution of basic problems in 
ign mtrol Sa ee renee, ima eer control, but the word “‘basic”’ appears 
vical limit on Fhe A saggy “ to apply to components, equipment, 
loving algorithms based ind applications, as well as to theory. 
quation analysis, aud » on Ihe laboratories inspected i tl 
transmission of random signals through cate a mtents of the inst 
nonlinear element journal support th 
eV. S. Pugachev, analysis of systet sep pe ee re though industrial 
situa te tees Met her method, includ 


using canonical expansions 


ight emphasis. ‘I 
ecm quite free to pu 


research that appeal t 


modulation he 
method they also 


thog il 1 ndo CO ft l t 
nogonal TaAnNadoMmM Wich 
111 iIved el tronic 


ent the stochastic signals 
¢Y. Z. Tsypkin, sampled and quan mediate ybjectis 
tized data systems little difficulty 
eA. A. Feldbaum, adaptive and ex necessarv to pursue t 
: lso I 1 svpkir ] ( Or . 
\ in | I'svypkin’s laboratory wa although the Soviet ( 


1 l-microsec delay line used to simu : = 
liscl shortage of ski 
ime in a manner disclosed 
: uch shortage ex 


J. M. L. Janssen and | _ 
The Netherland 


1 pre 
cence. Theanke *™ SRSE F 


limited produc 


tremum controllers 
eB. N. Naumov, transient responses 
f linear, time-varying, and nonlineai 
mtrol systems 
Asked what applications they had 
found for nonlinear control theory, 
Dr. Letov mentioned optimum design FIG. 9. EMY 
of switching-type controllers and D1 ; nteinine 
\izerman referred nonspecifically to ficient unit wit! 
optimizing or extremum controllers oe 
No actual industrial applications were 
cited, although V. Karibsky indicated 





Machine Tool Control Developments 


H. W. MERGLER, Case Institute of Technology 


G. C. NEWTON, MIT 


A. Prokopovich, director of the Ex- 
perimental Machine ‘Tool Research In- 
stitute (ENIMS), Moscow, gave two 
convincing pieces of evidence to sup- 
port his belief that no contemporary 
machine design can exclude automatic 
control. First was the institute’s ver- 
sion of the ubiquitous Soviet growth 
chart, showing a continuing 8/1 
growth of completely automatic tools 
in the last 10 years while mechanized 
tools have slowed to a 5/1 growth. 
Second was his statement that one 
third of the institute’s professional 
staff was conducting research and de 
velopment directly related to control 

Machines and their control system 
components inspected at ENIMS and 
it the Industrial Exhibit show that the 
Soviets are making full use of infor- 
mation available from U.S. and U.K 
ea completely automatic crankshaft 
balancing machine that measures angu- 
lar position and magnitude of dynamic 
unbalance, stores the data in an elec- 
tromechanical memory and _ transfers 
the workpiece to a drilling station that 
removes an automatically calculated 
amount of metal 
ea horizontal boring mill built in 1957 
with three controlled axes, operating 
as a pulsed data system with incre- 
mental logic. Commands for the three 
controlled axes are stored on a six 


FIG. 11. Because of the low 


150 psi) working pres 
sure of this push-pull electrohydraulic valve, the valve 


channel magnetic tape about 35 mm 
wide. Quantum size was 0.02 mm per 
pulse, stored at a maximum density of 
six pulses per mm at a tape speed of 
200 mm per sec. Rotary digital trans 
ducers mounted directly on the ma 
chine’s lead screws generated 524 
pulses per revolution, through photo- 
diode sensing. Conventional two- 
brush logic provided phase detection 
Servomotor (1,700 watts dc) powered 
by rotary amplifiers drove ball-screw 
shown in Figure 10 with double, pre 
loaded nuts. Maximum speed of the 
power servos was 850 mm per min. 
ea point-to-point jig borer built in 
Odessa. Telephone dials set 24 point 
in two coordinates. Controlled by 
stepping switches, an 80-watt tepping 
motor, see Figure piloted an hy 
draulic power servo 
ea tool programmed with punched 
paper tape, quantized by a linear elec- 
tromagnetic transducer with a 0.1 mm 
pitch, and powered through the el 
trohydraulic valve shown in Figure 11 
044 x panel plug-in pulse circuitry 
using the Russian P6A and P6B tran 
sistors. Characteristics of the 1 61, a 
transistor in the ime series, are 
stated in Table | 

Some general conclusion 
¢ technical developments lag those of 
U.S. and U.K., particularly in analog- 


10. All new 


with lead 


ire re ] 
equipment su 


hurchill Mach 


to-digital transducers (no admitted ef 
fort at absolute encoders) and low per- 
formance power servos 

* because coding of the commands on 
secondary storage media (punched or 
magnetic tape) yields no clues to the 
techniques of generating programs, it 
is impossible to evaluate the technical 
level of the Soviets’ manipulative cir- 
cuitry or their numerical interpolation 
techniques, although the URAL com- 
puter was used to compute interpola- 
tions for the three-axis machine. 


able I. Stated Characteristics of Itwo U. S. S. R. ‘Transistors 





is bulky and the cylinders that actuate the machine 


tool table have a large bore (120 mm). 


Max emitter current 

Max emitter voltage. . 

Max emitter switching current 
Reverse emitter current 
Grounded base input impedance 


1144 116 1 
3 a 10 ma 
50 v 
50 ma 
0.4 ma 


40 ohms 


Grounded base reverse voltage transfer ratio 4x 107 


Grounded base (forward) current transfer ratio 


Grounded base output admittance 
Max load 
Power gain 
Alpha cut-off frequency 
C rise /milliwatt 
Max emitter temperature 
Emitter capacity 


20 common emitter 0.98 common base 
1 micromho 

25 w 150 milliwatts 

30 db 40 db 

1 to 2.5 Mc 

0.5 

100 deg C 


40 pica farads 


90 deg C 








Industrial Instrument Design and Production 


NATHAN COHN, Leeds & Northrup Co. 


t + 


the Industrial ion and the usual 1 ions of cor great interest 
that while tacts and accessoric ( t new techniques of fi 
t instruments, of nich we 1 ret ire particularly proud 


different versions, had semi-automatic f a diaphragm diff 
+ 


indicate 
iectri rencrating ipacits 


Imost quadrupled in the last 16 


Te tecl | 


“ee 
il the production of industrial Chart : ! 
hart recorders are available not only laim operating and 


ytentiometer standardization. Round transmitter, Figure 
ind miniature electronic strip Manometr” plant ai 


production has tripled | 


ent and control instrument 

i 
the wl ervo-driven slidewire balancing tion f 
but with core-and-coil balancing iilal 


fi VW il ) Saw 


ot self balan 


ature uperior 


( ilmost five-fold in 
Industrial instrumenta le flowmeter 
be, therefore, the fastest 

n the USS.R. Whil id pressure transmitters. Figure 1 tion 
bstantiate this gro t vs the minat r¢ ad 1] were, 

ate er} Fevesconcns Launched from American designs 


1] 


comparable 

Ip] in ipp 1rance to 

equipment manufactured in this coun 

try. Figure 12 shows an eight-channel 
llog iph n which the “Vibrat 

Leningrad h 1 USSR 


nt ' 

( 
] 
I 


i } lt} 
monopoly Not al 
ind the Russians were proud o 
idvance from their point of 
f their own. For example, at the 
Vibrator” plant we were shown cali- 


brated deflection-type lamp and scal 


units were 
( 


meters using suspension movement 
for which high sensitivity and stability 
were claimed This technique has 
found little favor or usage in the U.S 
In proce instrumentation the 
U.S.S.R. produces large strip-chart and 
round-chart electronic self-balancing 
bridges and potentiometers (Figure 
16 Che strip-chart instruments ar 12M 
both single- and multiple-point, with ator” plant is eight | oscillo 
automatic potentiometer standardiza graph. Plant makes 3,800 per month 
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centric pointers tied to high and low 
adjustable contacts 

°a neatly packaged drum-type self-bal 
ancing indicator with built-in push- 
button switches in a small case 


ea multiple-revolution — self-balancing 


unit with both “hour” and “minute” 
hands for indicating thickness of con 
tinuous sheets. 


And now analysis instruments 


Prototype analysis instrumentation 
was plentiful at the Industrial Exhibit. 


ted incremental cost Jugboards at 
each unit established the incremental 
cost curve for that unit 

Ihe second display, shown in Fig 
ure 15, illustrated a cam-type “desired 
generation” computation at a cent il 
ized dispatching office and individual 
desired generation” computation and 
control at each individual station. By 
our standards this system is cumber 
some and inflexible. 

At the 5,000-kw aton powe! plant 
at Obninsk, the instrum mn 


Included were conventional pH and cluded many self balan 
clectrolytical conductivity apparatus, a . recorders. In additi 
laboratory pH meter with an electronic e centralized scanning 
detector, and a portable conductivity : seresting ancgre 
meter similarly equipped. There were : unit off-normal alarm 
thermal gas analysis assemblies for vari temperatures, pre - 
jus measurements, including 80-100 FIC. 14. Differential pressu ciated with the fuel 
percent hydrogen in nitrogen, and ter, has core-and-coil — 
0-25 percent ammonia. There was a upporting collapsed-diay 
66-71 percent sulfuric acid specifi [he most outstanding ] I 
gravity recorder actuated by bubbk corder with a porous Ebonite areal trument production 

tube back pressure. 


Instruments on a production line 


with werlapping range of 0-2 " mechanized produ 
There were 0-5 and 0-10 percent ie orders and ind 


n M 


u vs of 


; 
5 


grams per c 
QO, recorders using the paramagneti ; ymetr’”’ plant i 
method. Later, we saw such record ' 
ers in use at the Tula Metallurgical 
Combine on open hearth and _ blast Combustion conti 
furnace control panels. There were igure 5 shows the t 
ilso infrared apparatus, one with a 1K igure 4+ an 
range of 0—1 percent methane, but er controller t ) 
we were informed that these were ex Plant No. 11 t the Industria x tation 
perimental prototypes and we wer hibit two display automatic g were in us¢ 
not permitted to examine the insides tion control o rconnected pows About 15 per 
of the analysis cabinets. svstems were particularly interesting to ve were told, v 

We saw an assembly for measuring mi Both are experimental; neither tion for quality 
10-100 percent relative humidity has vet been actually installed. On production line 
using wet and dry bulb resistance display showed a method of transmit it 4 min inter 
thermometers and a_ self-balancing ting an incremental cost rate from a recorder 
computing circuit, originally developed centralized dispatching office to variou dav, beca the n 
in this country in the 1920's. In the stations and there automatically com- not keep up with th 
Analysis Instrument Section, there was puting and controlling individual gen- our visit the line wa 
1 double-range moisture content re erator output to match this transmit round-chart self-bala 


Electric power instrumentation 


CT 


| 
I 
ul 


FIG. 16. Assembly line at “Manometr’ plant produces round-chart indica 


ontrollers and strip-chart recorders, with 1,040 different ales 


Near start, installing power supplies Chart drives ar embled on feeder lin 





tandardizer 
The Soviets have made a consider- 
able advance in establishing produc- 
tion plants for industrial instrumenta- 
tion and in undertaking industrial 
applications of this equipment. They 
are now behind us in many aspects of 
sophisticated industrial instrumenta- 
tion, in analysis instrumentation, in 
highly specialized data acquisition sys- 
tems, and in certain facets of sophisti- 


ters with semi-automatic 


cated application of control systems. 

There is, however, little room on 
our part for complacency. 

But neither is there need on our 
part for excessive alarm. There is 
simply the obvious challenge to keep 
our own instrumentation moving for- 
ward—as it has been—at a sufficiently 
high rate so that though the Russians 
move rapidly themselves, they may not 
overtake us. 


Steel Plant Measurement and Control 


NATHAN COHN, Leeds & Northrup Co. 
H. W. ZIEBOLZ, General Precision Equipt. Corp. 


DI temper 
dome pressure 
] 1 ‘ 
mnpi of ippication su 
reported that 38 of the 
nace in the Ukraine 
equipped with similar system 
of thi 


cent reduction in fuel 


ystem have claimed a 2 pet 
on umption 
ind 10 percent increase in produc 
tion The air blast moisture 


loop used the relative humidity device 


control 
mentioned in the section, 
but with the temperature of the air 
unpl held to a 
that the moisture 


previou 
constant value so 
reading would be 
n absolute units. A similar 
method was discarded in the U.S 
irs ago due to the difficulty of keep 
ing the wet-bulb wick clean and active 
Ihe open hearth 
regulates: draft, O 
air flow, blast furnace 


humidity 


svstem 
flow, 


gas flow, coke 


control 


enrichment 


gas flow, oil flow, checker tem 
ind reversal on either a time 
difference signal. 


Nathan Cohn 


oven 
perature 
or a temperature 


enrichment 
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nt ime In ferro 


production and 20 per 
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nsequently, the new seven 
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Manage 
acknowledged 
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conven 
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the ive role of 
in th 
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1utomatic 
irt of making steel 
enrichment contro 
tional hvdrautlic-jet regulators for stove 
and the usual CO,, tem 
perature, flow, and pressure 
typical of blast furnace operation 

Discussion revealed the 


thermometers in the 


combustion 
recorders 


use of 1m 
mecrsion open 
hearths and ©, analyzers for flue gas. 
Ihe Soviets are familiar with work 
done in the U.S. on open-hearth com 


bustion control in direct response to 


molten metal 
that the radioiso 
has been set aside 
An Cmginecr Ie 
planning of 
So' ict ec] 


1 
] 


ph itically 


conti 


indust 


trical control 

installation was 
tricians could handle 
system did not ne 


impiler 
laintenan 
1 air pro 


equipment, and experience 


with electrical control (see remark 
Moscow Steam Plant N¢ 1] 
strated its reliabilit He 
the success of electrical ontr 


paratus built by Schoppe & Faeset 
support his 


According to him, the combination of 
oe 1 


is logical for 


rat mn 
pointed 
] 
ana Siemens to irgument 
hvdraulics and ele 
high powcl! levels 

H. W. Ziebolz. 

General Precision Equipt. Corp. 
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Control of Nuclear Power Reactors 


W. E. VANNAH, Control Engineering 
(From discussions with E. P. Epler, Oak Ridge National Lab.) 


A visit to the 5,000 kw (electrical 
output) power reactor of the Directo 
rate for the Utilization of Atomic 
Energy, and inspection of the 10-kw 
demonstration reactor at the Indus- 
trial Exhibit are the bases of our com 
ments on nuclear reactor control in 
the U.S.S.R. 

The demonstration reactor differs 
materially from the U. S. Geneva Re 
actor (on display at the 1955 Geneva 
Conference) only in its control sys 
tem. ‘Table II compares the control 
svstems of the U.S.S.R. and U.S. re- 
actors. Note that the Soviet demon- 
artificial 
source and relies entirely on spon- 
taneous fission o1 the U™ plus the 
photo neutrons resulting from the 
D.O present in normal water. Both 
the U.S. and the Soviet reactors were 
drastically limited in fuel loading so 
that it was virtually impossible for an 
accidental nuclear excursion to occur 
In addition to this the U.S. reactor 
was equipped with a full complement 
of low level logarithmic instrumenta- 
tion plus three independent safety 
channels. The Soviet reactor had a 
single counter channel for low level 
instrumentation and a single ioniza 
tion chamber for safety 


Stration reactor uses no 


Completed in 1954, the 5,000-kw 
power reactor, at Obninsk, is water 
cooled and graphite moderated. Fuel, 
uranium alloy enriched to 5 percent 
U*™, is contained in 128 fuel elements 
placed vertically in the graphite stack 
A fuel element consists of a bundle of 
five stainless steel tubes, each approxi- 
mately 1.5 cm in diameter and con 
tained in a can 6.5 cm in diameter 
Cooling water at 20 atmospheres pres 
sure flows downward through the cen 
tral tube, divides, and returns upward 
through the tubes containing fuel 

Impairment of coolant flow in any 
one channel will cause the channel to 
burn out, flooding the graphite stru 
ture with contaminated water. Flow 
monitoring in each of the 128 chan 
nels minimizes the likelihood of such 
an accident, for a high flow signal 
due to increased flow in the ruptured 
channel shuts down the reactor. In 
addition, the outlet temperature of 
each channel is monitored, and nitro- 
gen pressure is monitored to detect 
slow leaks. Banks of electronic instru 
ments indicate the flows. High and 
low limit flow and temperature con 
ditions are displayed and annunciated 
from 3-ft diameter panels with 12 
unit indicators 


lelephone 


te pping 


FIG. 17. Indicators at center of reactor control-room panel 


show the position of each of 18 manual control rods 
too, the graphic display of pump valve conditions 


Note 


relays scan each flow at the rate of 12 
per 20 sec Temperatures are di 
played similarly but are not scanned 

Figure 17 
of the room-wide instrument panel 
The safety system rel 
safety rods and motors driv 
illy operated rods. The 
serves primarily to progra 
tion of power. Protecti 
by the fuel and moderator 
temperature coefficient f 

It has not been the practice in th 
U.S. to employ only two safety rods 
when a total of 20 rods are availabk 
for fast release. It is true that the 
strong negative temperature coefh- 
cient of reactivity is a large safety fac- 
tor, but few U.S. builders will place 
so much dependence on this, in spite 
of the use of containment vessels. 

In recognition of the possibility of 
fuel element failure, the Soviets have 
chosen to detect, isolate, 
the defective clement in spite of the 
very large amount of instrumentation 
which must perform dependably. In 
U.S. water cooled reactors such prob- 
lems are met by designing the reactor 
so as to minimize the probability of 
failure and, at the same time, to mini 
mize the consequence of failure 


shows the central unit 


and remove 


TABLE IL. 
Comparison of control systems of Sovict 
Industrial Exhibit Reactor and U.S. Geneva Reactor 





Independent safety instrument channels 


3 


Logarithmic intermediate range instrument channels 1 (with 


Counter channels 
Servo channel 


Automatic start 


2 period) 
] 


Yes 





Digital Computers for Business and Industry 


NORMAN R. SCOTT, University of Michigan 
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ithode followers. All are hand 
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n Moscow: Strela 
Il (under constru 
ting Center of 
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n it the ¢ npu ing I 
f the Ukrainian Academy of Science 
Computers exist in much smaller 
quantity in the Soviet Union than in 


r BESML. It 


BESM I 


rammed floatin 
in iterative 
nm divisi 
mand list 
iv¢ ind < 
14 millisec maximut 
lrum Circuitry 


unplifiers using ferri 
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hronou wt ZU 


the U.S. Furthermore, the reliability 
of their machines leaves much to be 
desired. For instance, the Strela com- 
puter at the Computing Center of the 
Academy of Sciences has a 10-min 
mean free time between errors whilk 
comparable U.S. 
operate for at least 8 hours without 
error. The 


machines normally 


reason for this probably 
lies in loose production controls; not 
so much in the building of the com 
puter as in production of the com- 
puter’s electronic components. How- 
ever, as Soviet electronic technology 
improves, their computer technology 
should rapidly 
mathematical thinking about comput 


move ahead, since 
ers and computer programming is be- 
ing carried on at a verv high level in 


the Soviet Union 
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ger, made with vacuum tubes. Signals are 
stored as levels in these flip-flops but are 
transmitted as pulses by diode-transformer 
gates. 

Pulses are 0.3 microsec. Flip-flop rise time 
is 0.7 microsec. OR is performed by multi- 
winding ferrite cores with a common out 
put winding, 
a grid 
Number convention 


is well as by diode logic at 


numbers are stored 
magnitude, but arithmetic 
is done with diminished radix comple 


is a sign and a 


ments 


Tube 


STRELA (Arrow 
3-address, 43-bit word 
Floating point, either binary or decimal 
Binary mode—33-bit mantissa and 6-bit 
exponent. 
Decimal mode—9-decimal mantissa and 
5-bit exponent 
Storage— 1,023 words of electrostatic tubc 
Four magnetic tapes, each about 4 in. wide 
and having 43 tracks in parallel 
Input-output—punched cards 
Speed—2-3,000 operations / sec 
A factory-built machine, total production 
being perhaps 15 


URAL 
\ smaller machine, 
is its principal memory. It has a 
length of 36 bits, is single addr 


using a magnet 


executes about 100 operations per 
Drum capacity is 1,023 36-bit word 
2,047 instructions. Command list ha 
mstructions 

Input and output are by 
photographic film, « 
apacity of 10,000 word 

870 tubes. This i 

machine, the total number 


ing possibly 10¢ 


Slices From the Economic Cake... 


S. W. HERWALD, Air Arm Div., Westinghouse Electric Corp. 


U.S.S.R. industry, as I saw it, can 
be likened to an extremely large cor- 
poration in which the Soviet Union 
owns all the stock and manages the 
enterprise. The key group in this 
“corporation” is the Central Planning 
Committee, which approves produc- 
tion quantities and prices for each and 
every article produced in every plant. 
Yearly plans are generated by indi 
vidual plant directors and the trading 
organizations they supply, and negoti 
ated with the Planning Committee for 
the subsequent year. The yearly plan 
is subdivided into monthly targets and 
relative monthly performance thereby 
judged. Plans are roughed out for the 
subsequent five years, except in the 
metallurgical industries, which are on 
a seven-year cycle. 

A trading organization assumes all 
planning and costs of marketing and 
distribution for a group of plants mak 
ing similar products. They take plant 
products at the planned prices and set 
market prices and distribution vol 
umes. We got very little information 
on these organizations, but it appears 
that selling prices are not necessarily 
related to production costs. Instead 
they are set to arbitrarily balance pur- 
chasing power against production. For 
example, a man’s wristwatch produced 
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for 28 rubles sells in downtown Mos 
cow for 380 rubles 


. . . For profits and taxes 


The word ‘profit’ 1 used by all 
Soviet plant managers to describe the 
difference between the price set in the 
yeatly approved plan for a plant’s pro 
duction, and the actual cost to pro 
duce them (including design, manu- 
facturing, and materials). Running 
between 6 and 10 percent, profit in 
cludes no sales or application engineer 
ing charges. A fraction of this profit 
ranging from 4 to 4 and averaging 40 
percent, is used by the individual plant 
to pay for special awards (for sugg« 
tions, technical designs, etc.), work 
ers’ housing, rest homes, sports pro 
grams, clinics, vacations, and technical 
Ihe remainder of the profit 
returns to the central government and 
may be 


schools 


viewed as a dividend or as a 
tax, depending on how far one want 
to carry the “corporation” concept 
When we asked in Leningrad about 
plants that either didn’t meet thei 
plan or made no profit, we were told 
that only two or three plants in that 
economic region had that problem 
We were also told that special meth 
ods institutes and planning groups go 


in to improve operations in a_ plant 


that consistently runs behind. Rath 
than remove its director, 
ire transferred from succe 
ind the successful plant paid a bonu 
As if to corroborate this, all the plant 


directors we met had long ser 


tec hnique 
ful plant 


( 1) 


their positions 


... For management and workers 
Most factory worker 

work and their norms at 

plan for the product they 

ing The more the 

higher their take-home 

percent appears to be 

piece-worker take-home 

pay is 350-450 rub 

the highest about 

ige between 800 and 

is associated with a cla 

ittaches higher salaries to hig 
Salaries 

4+ O00 to 

plant director ind fron 

6,000 rubles per month for 

gineers. With bonuses, dir 

7.000 to 10.000 ruble per m mnth 
Management has a | 

the approved plan. | 

during which the plan 

tails the director and hi 

receive 


without bonu 


UOU rubk DCI 


pr opk 
U) pel 


cent to 40 percent, based on a percent 


1 bonus ranging from 





chedule that is part of their approved 
plan. Differences 
presumably are set as an added incen 
difhcult to meet, or to 


in bonus schedules 


tive for plan 
encourage production of critical item: 
Remaining 


ilaried employe TCCCIVE 


bonus percentages that are from on 
third to two-third 


the plan, the bonus 1 


of management 


|, again on a preset schedul 
inlations between i to 4 pe! ent 
nt that production ex 
n. The ceiling bonus 1 
of Dax pa 
onomic region 
red in Leningrad 
1 speci 


llence im pr 


relation ifety Wn 
ipital equipment, ete 
Socialist mulation 
paid to the winner of a 


Known 
Aw ird, it 
ympetition among those plants in an 
imular 
rodu meter) and 
Kinap” incma equipment) plant 
mem} 26 pribori 
nstrument) plants that ran in the 
onducted by the Lenin 
id Economic Region during the se 


onomic region that make 
t Th Vibrator 


¥ lUId 


nemper fa group of 


ompctitior 


| quarter of 1955. First place carned 

month’s additional pay for each 
the winning plant; s¢ 

half-month’s pay; and 
quarter-month pat 

om trade union off 

tr ind eco 

chose the winner 
have trade union 


worker on lari 


in working hour 
it the ZIL (automotive 


Although we tried verv hard to 


pa\ i 


mine what happen to a poorl 
rorming worker, tl \ 
med to be that 
vinent 
They 
xtreme 
to down-¢g 
pcerfrorman 
that although the 
to strike 
local plant management 
union officials could be 
higher 


mechani were not denn 


group for irbitration 


... For funding 


f Engine 
rks dis u 


K. Strogan 
| financing for t 

tion expenditure ind material 
inventory. Th gC rnment bank loan 
interest-free mo iT 1 t 
cicncy-Improving 
grant capital rut 

ion program ha 
by the Central Planning 
Loans for invent 
interest charg 

he trading 


from 


t t 
through the bank just as ours do 


Soviet industry has adopted—and 
accentuated—all of the incentives, 
fringe benefits, and planning asso- 
ciated with American free enterprise. 
Ihe old Socialist saw of equal pay for 


all is totally ignored; their current 
system places tremendous financial in- 
centive upon quality and quantity of 
performance. 
skilled professional men and women 
Up to now they have performed spec- 
tacularly, aided by fundamental rea- 
sons that are about to vanish. One is 
that they were so far behind that they 
could progress rapidly just by copving. 
This they have done. Another is that 
the demand for all manufactured prod- 
ucts has been constant for so long that 
the only problem was to produce. 
With the shorta t inufacture 
“tegasi 


Industry is run by 


Most 


ol } 
nich the 


made in the user plant 

As production increases, the in- 
ternal U.S.S.R. market will saturate. 
Demands will become more subtk 
and selective. It remains to be seen 
whether the complex control mecha- 
nism of the Central Planning Com- 
mittee can cope with this problem 
one that American industry faces every 
dav. 


Official exchan 
dollar; tourist rat 
lar; but the actual pur 
the ruble is quite 
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FORWARD, BUT NOT ALONE and agricultural truck. Other Soviet engineers ha 
fected miniature magnetic cores with holes cast in th 
for nondestructive interrogation. But lacking 
variety and wealth of control products with whi 
are blessed, they have not shaped so broad 
tween theory and practice as we have 

Although pleased with their progress in perf 
applying standard products, they are, even 
uncertain about their next steps or about thei 
to take them alone. They have built protot 
extremum controllers (and applied them in p 
refineries, we were told), vet they showed keen 
in purchasing Quarie controllers at the ISA |] 
mid-September. U.S. digital systems for indu 
trol are on their shopping lists. So are elects 

mtrol systems, specifically the new d 
Foxboro and Leeds & Northrup 

Britain has already been approached t 
hand up the next few steps. A year 
import, the authority that handles control 
ery imports to U.S.S.R., requested qui 
control manufacturers for complete 

efineries, aluminum plants, fertilizer plant 
tin, and zinc ore crushing plant Th 
found so many gaps in the control sch 
bv the Sovicts that thev suggested tv 
juotations: first fea ibility studi t 
paid) and then, actual quotes on co 
The Soviets gained know-how, and tl 
have made their expenses, but no one |} 
happen next in this exchange, for the Sovict 
on the second phase. One British manufact 
journeved to Mo ow to sell hi quotati n 

old by a Russian request for advi n 
Soviet control products in Britain 

A hand-up for the Soviets may 
from them, for while Soviet control 
purchase the latest in control systems, tl 
trol manufacturing industry is trving t 
national markets for its product It 
Vienna Fair during the week of Sep 
it is readv to market not only svstem 
ilso systems such as those designed for tl 
British. One system shown there complete 
the collecting, weighing, and unloading of 
blast furnace scale cars. Fach scale car ca 
RADIO! . ontrol system. Another system synchroniz 
FERNSEw controls the speed of hot rolling mills. It 


} 


Soviet control engineers have pulled abreast of their 
Western contemporaries in technical knowledge. ‘They 
should have, for it is on the West’s technical know-how 
that they have ridden forward. (Figure 20 shows copies 
of untranslated Western journals offset-printed by the 
GSTC for rapid distribution of Western engineering 
techniques to Soviet engineers.) They have nevertheless 
drawn slightly ahead in abstract theories of nonlinear 
control, random processes, and self-adaptive control. 

They have demonstrated great ability at mass pro 
ducing standard products, but they lag in developing 
and producing sophisticated products such as analysis 
instruments, complex data acquisition systems, ind static 
switching systems. Their scores of standard products 
are applied with ability and some originality. lor in 
stance, control men at the ZIL works have developed 
a system that, from the driver’s cab, regulates the pres 
sure of each tire on the new six-wheel ZIL 157 military 


vy mercury arc rectifiers, not by rotary com 
Now thev want to buy from the U.S.—equipm 
knowledge thev have not vet developed 


Picture Credits 
With his Minox camera and _ strobe-fla = 
Sprague, president of The Hays Corp., Michigan ( 
Ind., took the photographs identified with figu 
FIG. 20. Felker of Bell Tel Labs examines a complete offset copy hered S$. 10 throuch 13. 15. 16. 18. and 
of The Bell System Technical Journal found on a rack containing \ 4 7] 5 ’ , u a 2 
offset copies of U. S., U. K., and German journals. Place: “Kinap ewton, Electrical Engineering De pt., MIT 
plant, Leningrad. number 9 at the Industrial Exhibit 


Reprints at 40¢ each are available from— 
Readers Service, CONTROL ENGINEERING, 
330 W. 42nd St., New York 36, N. Y. 
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A CONTROL ENGINEERING SP 


Electronic 
Process 4 


Control Systems P~ 


Recognizing the full status of electronic control, CONTROL ENGINEERING 
presents a 16-page report on this subject. Full stature as a control medium 
evidenced by the recent marketing by four more companies—in addition to 
pioneers Swartwout and Manning, Maxwell & Moore—of extensive electroni 
control systems. These other companies are Taylor, Foxboro, Minneapolis 
Honeywell, and Leeds & Northrup. 

The report starts with three questions asked of a user, a contractor, and the 
makers of the new electronic systems. Their candid answers should interest y« 
The basics of electronic control systems follow next. This is an interpreti 
report, not a substitute for product bulletins and detailed training available from 
manufacturers. Since the electronic system is not complete without an elect 
ally signalled actuator, the actuator is covered also, along with the highlights 
of the six control systems. 


HARRY R. KARP, Control Engineering 





WHY DID YOU USE ELEC 
TRONIC CONTROLS? “For the 
past few years we tried several small 
installations of electronic control sys- 
tems,’ replies an instrument engi 
neer at a midwest oil company, “‘and 
we learned a few things that made 
us decide to use electronics again in 
our new refinery. Of course, we have 
a few gripes, too. As for benefits of 
electronic control systems, one is that 
they are inherently more sensitive 
and they have been installed where 
sensitivity can do the most good 
better tuning of temperature loops. 
Electronics is more compatible with 
data logging and computing control, 
which we plan to have later. We left 
space for them in our control room. 

“Our refinery must operate con- 
tinuously, and we find it harder and 
harder to keep instrument air systems 
completely reliable for this require- 
ment. Even in our moderate climate, 
six air freezeups occurred last year 
during five winter months. And be- 
cause of equipment troubles in our 
air drying and regenerating system we 
had to change over from automatic 
operation to manual to assure a good 
supply of air. With electronics we 
should have less of an air problem 
but we do need a standby electrical 
system in case of power failure. For 
this, we have an emergency generator 
that keeps the electronic instruments 
operating. 

“Our experience shows that elec 
tronics performs for longer periods of 
time with less maintenance once the 
instruments have been installed and 
checked out, and that for our appli 
cations electronics is comparable in 
performance to pneumatics. Elec 
tronics cost the same as pneumatics, 
because contractors gave us the op 
tion of electronics or pneumatics, 
take vour choice. This option 
curred on three different jobs, 


oO” 


and 


on one job quite a few bidders—all, 
in fact—made the same offer. 

“Yes, we had troubles with our 
electronics installation. ‘There was 
more difficulty installing 50 elec- 
tronic loops than there was install 
ing many times that number of pneu 
matic loops. We encountered poor 
soldering connections and shorts in 
the controllers and nonrepeatabl 
transmitters Instruction manuals 
are not suitably prepared for check 
ing out the instruments and _ there 

orderly trouble-shooting ap 
Once we got by 


is no 
proach 
bles, the instruments 
WHY ARE YOU NOW MAR 
KETING ELECTRONIC CON 
PROL SYSTEMS? “User demand,” 
answers one of the four companies 
who recently announced new 
tems. “There are many applications 
calling for just a few control loops,” 
says another maker. “Don’t forget, 
there are many industries—ccramic 
nuclear power, pipelines, food, and 
utilities—that need control systems 
but not extensive ones like those used 
in petroleum refineries and 
chemical plants. For these ‘little 
guys electronics means a low-cost 
control system that can be easily con 
nected to the plant electric power 
service without making an invest 
ment in system they would 
otherwise need for pneumatics.” 
“What many people may not ap 
preciate,” states a third maker—who, 
like the other three that are begin- 
ning to market control 
systems, also builds pneumatic sys 
tems——‘‘is that electronics 


these trou 
worked fine.” 


SVS 


large 


an alr 


electronics 


is not new 
For vears, 
such electronic instruments as po 
tentiometer-transmitter ervo mul 
tipoint recorders, 


to the process industric 
] 


and ultraviolet an 
alyzers, have been used 
nm many plants 
with 


successfulh 
All we’re doing now 


our new line of small, panel 


and console-mounted electronic con 

trol instruments, is to perform certain 

functions electrically instead of 

chanically or pneumaticall 
WHY DO YOU RECOM 

MEND ELECTRONI( CON 

TROL SYSTEMS? “We evaluate 

jobs on an individual ba to 

what instruments are needed, what 

specifications are set for vario 

of installation, and what the 

will be.” = Thi 

from the chief instrum 

ot a contractor company 


Init 


Sec 


costs 


recommend el 
but 
opinion they can do the job 
Of course, the client may ha 
fixed opinion on what he wants 
Sometimes clients want elect 
if it looks like it 
little more, just to get some actua 
experience and data on which t 
make future decision 
“To counter the 
by the refinery engineer, 
specifically, to clarify the point he 
raised that electronics cost him the 
same as pneumatics, I want to point 
out that the contractor charged the 
client the same price, but thi 
not mean that the cost to the 
tractor was the same. For a large 
tract, the instrument cost 
percentage of the total 
iny difference between 
and pneumatics is even a sina 
centage of the total cost. Cont: 
apparently were willing to 
the small difference 
lately, when business wa 
ever, 1 


always 


viously, we will 


oie 


ron 


even ma Ost a 


tatement mad 


or mor 


aot 


on 


in my opinion 
price for electroni 
matic control system 
sible approach. There 
available 

and installation 
estimate for 


mid pneumatt ontr 


ame 


formation 
cost 


curate 


THE BASICS OF ELECTRONIC CONTROL SYSTEMS 


Broadly 


7 
tronic control arc 


king, “package ‘“ 


similar in fun 
available for pneumatic control. 
difference, however. ‘The 
pneumatics is 3-to-15 psi 
transmitters, controller 
different manufacturers 

tures desired by th« 
control loop. In electronics, 


and re 
but ich 


as 


user 


ufacturer (see table 
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g iwailabl 
tion to the 
There 
industry-accepted 
Such pneumati 
orders produced 
having ct 
ire readily compatible in 
on th« 
different signal types and levels adopted by each 
preclude direct compatibility be 


! 
for el tween on 


“nackage ifacturer’ 


is one cs t 


entia 1SeI 
ignal fo 
omponent 


by 


tain fea 


ind actuation 
trollers have a 
between maxim 
hand, th lly signaled val 
including 
signal. 


other 
man 


Thus, 
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manufacturer's t 
controller 
ind manufacturers 


Ch 
dc 
im 
ve 


amplification 


the 


ransmiutter:and 
No doubt the rut 


cle ve lop modulariz 


ing circuits” permitting interchangeabilit 
Some compatibility presently 


betw nm 

lectroni 
5-to-1 rat 
Any el 


modified po 


exist 
e table shows that all 
current output 
ind minimum 
be 


accept 


ind a 
ctrie 
sibly 
controlle if 


, : 
in clect ) 


ignal 
ictuator in 
to 


of 


1Th 


task 


making 
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TRANSDUCTION ACTUATION 
AND 
TRANSMISSION 










































































ssible arrangements of electronic control systems, includin 


hown shaded) for use in hybrid electro-pneumat 


actuator compatible with all controllers falls on actuato1 into a corresponding stem position of an electrically 

and valve-positioner makers. Makers’ bulletins state naled (valve) actuator. The actuator operates a valve, 

their readiness to meet this problem. modifying the manipulated variable to restore the cor 
Within any compatible electronic control system, trolled variable to its desired value. 

numerous component arrangements meet almost any 

operating requirement. Figure 1 shows some possibili- Transmitters 

ties. One can have a process-variable measurement 


‘ 


combined with indicating only, or indicating-controlling, As shown in Figure 1, three basic transmitt c 7 
or indicating-recording-controlling, or cascading, or r measure and convert almost any process variable int 
cording only, and so forth. Add to this a choice between an electrical signal for transmission. 

four ways of converting the controller's electrical output The displacement-type transmitter: scnses a c 
into a valve thrust and three basic transmitter types _‘*Tolled variable as a motion. For example, proc 


for measuring common controlled variables—and the pressure is measured by movement of a Bourdon tube, 
versatility of electronic controls expands even further. as in Taylor's transmitter, Figure 3. ‘This movement 
then is converted to a corresponding electrical outp: 
through a displacement-to-electric converter. Swa 
wout, Foxboro, and Taylor pressure transmitters d: 
Each electronic control system, regardless of inherent place the core or ring of a differential transformer, thus 
differences, performs these common functions, Figure 2 changing the transformer’s ac output. (Foxboro rect 
1. Measures the process variable and transduces it fies to de current before transmitting.) Minneapol 
to an electrical signal for transmission. Honeywell and Manning convert displacement t 
2. Compares the transmitted electrical signal with the torque and use the de current needed to create 
desired value of the process variable (that is, the set beam-balancing torque as the proportional signal. D 
point established as an electrical signal) to develop an placement-type transmitters measure such variables 
error signal. process pressure, differential pressure, level, an 
3. Characterizes the error signal, through propor- displacement. 
tional, reset, and rate actions in a controller, into a The emf-type transmitter: senses electromotive for 
controller output appropriate to process dynamics. for instance the de millivolts from a thermocouple, 
4. Converts the controller’s electrical output signal onverts this low-level signal to a higher-level d¢ 


Common functions in electronic control 


FIG. 3. Taylor's presse 
Controller typihes displacement-t 
(characterizes) 


Error 
detector 
(compares) i 
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Transmitter 


(measures) 


Common functions in electronic control 
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ent or ac voltage, lepending on that needed for tem sos a 
mpatibility. Emf-type transmitters measur such vari ‘ool? 
. , : ‘ 
es as temperature (thermocoupl , Speed tachom } how mognenc | Fine 
eter), and pH (pH meter omplifier 1] amplifier |-o O¥*O¥t 
[he resistance-type transmitter: sens¢ the controlled —_——— 3 OB me cc 
iriable as a change in resistance, uses th hange te ae 
wo ers slate ae Stobilized Boner omy. 210 
x example measure temperature with a resistan power ond per cent 
temperature detector (RTD With Wheatston Field < —j| supply ad : ow 
bridge, as in Foxboro’s transmitter, Figur +, th 
bridge’s unbalance (output) voltage is then f iis 
tion of t nperature Additional circuitry provid t —_ 
proper Itage or current output for system compati 
ility I ypi il resistance type transmiutt nea 
temperature RTD), stress and strain tra gage 
ight, (strain gage load cell ind position or angle 
istance potentiometc! 
















E-rror-sensing circuit 
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Following a disturbarice, the circuit deliv im ¢ 
deviation mal proportional to the magnitud f 
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must be included with (B) °s {| 


these circuits 


FIG. 9. Basic circuit of Taylor's controller 


The de voltage equivalent of the balancing force is 
the error signal that goes to the controller. 

In the Honeywell system, Figure 6A, the set-point 
force is a calibrated spring action on the beam. ‘Two 
separate coils, one for signal current and one for 
balancing current, also develop forces. Beam balanc 
is noted by a position-detector, which adjusts an oscil 
lator-amplifier to give a voltage output proportional to 
magnitude and direction of process deviation. Note that 
immediate balance occurs through forces created in 
the error-sensing portion of the control system. 

In the Manning system, Figure 6B, the set-point i 
an adjustable current; the measured signal is also a 
current. Both currents come from high-impedan 
sources that are differentially connected (compared 
across a low-impedance coil acting on the beam so that 
the coil creates a torque or beam deflection proportional 
to process deviation. The small deflection varies oscil 
lator-amplifier output current which—in addition to 
signaling the valve actuator—is fed back to anoth 
winding on the coil and balances the beam. In thi 
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process characteristic Ideally, the 
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others. Figure 7 shows one generaliz 
three-mode controller. 
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rent to the valve actuator directly proport mal to 
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Proportional action is a static characterist 
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it would have had during automatic operation. Without 
this reset network charge, a spurious disturbance, or 
“bump”, would occur after transfer to automatic while 
the reset circuit “winds up”. 


Actuators 


So far, the final control element of the loop has been 
viewed as a valve positioned by an electrically signaled 
actuator. This is natural, for many contro] loops 
modulate a flowing material and different types of 
valve actuators are available to meet process needs. 
However, the electrical nature of the control signal- 
and all the versatility this entail—make electronic 
control systems adaptable with simplicity and direct- 
ness to other final control elements, such as saturable 
reactors for controlling electrically heated furnaces and 
thyratron amplifiers for controlling electric-motor shaft 
position and speed on rolling or webbing operations. 
The direct control of electrically-powered final control 
elements from low-power electric signals has the advan- 
tage of carrying out the necessary power amplification in 
the same energy form, namely electricity, and without 
concern for mechanical considerations. What can be 
accomplished depends on process and plant require 
ments and the ingenuity of the system designer. 

For valve operation, to which the lion’s share of 
electronic control systems have been so far applied, 
makers offer a varied line of electrically signaled actua 
tors. Basically, such actuators are power amplifiers: they 
convert the low-power electrical control signal to a 
corresponding high-power stem thrust. In addition, 
they often include energy-conversion as well as ampli 
fication, because the control signal modulates pneu 
matic (air), hydraulic, and gas forces as well as elec- 
trical power. From the stem motive power used come 
these names assigned to electrically signaled actuators 

> electromechanical—actuators electrically amplify the 
signal to power an electric motor which, through a gear 
train, drives the actuator’s stem to the desired position 

Pelectropneumatic—actuators transduce the elec- 
trical control signal to a proportional pneumatic signal 
in the 3-to-15 psi range, and this pneumatic signal 
actuates the stem of conventional pneumatic actuators 
Transduction may include positioning, a closed-loop 
connection from the valve stem to the air control 
signal which adjusts diaphragm pressure until the stem 
reaches commanded position. Some devices incorporate 


FIG. 12. Moore E/P valve | tioner typifies one way 


to convert electric control signal to pneumatic actuation 


the positioning effect in the actuator, as exemplified 
by the Moore Products Co. Electro Pneumatic posi- 
tioner, Figure 12. 

Pelectrohydraulic—actuators use hydraulic pressure, 
generated by a pump driven by an electric motor, to 
move the stem. The electric signal modulates one or 
more stages of hydraulic amplification through pilot 
valves. Stem-position feedback is generally included 

Pelectrovapor—actuators use controlled vapor pressure 
generated by electrical-heating vaporization of a self 
contained fluid. This actuator is new; it was introduced 
recently (CtE, Oct., p. 117) by Swartwout 


Transmission 


The simplest way to transmit electrical measurement 
and control signals to and from the process is over 
pairs of copper wires. Some transmitters require two 
additional leads to supply power to excite the trans- 
mitter, and (some) systems using differential transform- 
ers require that these leads come from the same source 
that powers the set-point signal in the controller. Thus, 
where separate transmitter exciting power is needed, it 
may be furnished from a central source located in the 
field or carried from the controller to the field. T 
terms two-wire systems and four-wire system f 
number of wires per transmitter. 

Signals from transmitters go to su 
indicators, recorders, controllers, and 
For ac voltage signals all receivers ar 
parallel across the transmitter, as shown in 
These receivers have high impedance inpu 
with the impedance of the transmitter, 
can be connected in parallel without error 

Because of the high impedance, the r 
copper leads in the transmission circuit i 
critical; but it should not be so large that volta 
due to small signal current flowing through the 
resistance greater than a fraction of 
of the signal voltage range Generally, v 
determined more by mechanical consideration 
the wire must be strong enough for it t 
through conduit) than resistance consideration: 

For dc current signals all receivers are connec 
series with the transmitter, as shown in Figure 
Current-type transmitters have an external load re 
sistance specified by the maker, at or below which 
they will operate satisfactorily. Receivers for such 
transmitters have specified input resistance Because 


becomes 
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eries connection, the load seen by the tran 
mitter is the sum of receiver input resistances plus the 
resistance of the copper leads. Once the total receiver 
input resistance and transmitter external load resistance 
are known, the allowable wire resistance can be deter 
mined. The wire size to give this resistance over a 
found from copper-wire gag 
tables; so can running distance for a given size wire at 
the specified resistance. In determining wire size, it 
t be remembered that because two wires are needed 
measurement the length of the wire is twice the dis 

ince between the transmitter and receiver group. 

Figure 13 shows that special receivers can be con 
nected, along with those available from manufacturer 
Such devices (for instance, for computing 
data logging, and telemetering systems) can be connected 
relatively simply, a virtue of electronic systems 

Still, there are that differ 
for different types 
mission, the serie 
must be closed at all time 
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equipme nt 
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Controller output current goes to the 
electrically 


trol element. The control signal is always de current, 


input of an 
ignaled valve actuator or other final con 
and the wiring considerations between the controller 
ind actuator are somewhat similar to those stated 
above for dc current transmission signals The con 
troller has a maximum or constant permissible load re 
tance, the major part of which is the input resistance 
of the actuator and the smaller the resistance of wir 
mnecting the controller and actuator 
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WHAT’S AVAILABLE IN ELECTRONIC 
PROCESS CONTROL SYSTEMS 


l'aylor Instrument Cos. (Rochester, N. Y.) recently 
introduced electronic control systems that use ac or 
de transmission, depending on the process variable, 
and corresponding ac or de recorders and controllers 
Differential pressure and gage (Figure 3) 
transmitters deliver ac signals from a differential trans 
former having a span of 0-200 mv at nominal line volt 
age. The span is electrically adjustable (without haz 
ard in the field) over a 4-to-l range. Such transmitter 
require four wires in the field, two wires carrying 6 
volts for the transformer primary and two shielded 
wires carrying the 0-200 mv signal. ‘Transmission of 
ac was selected because of the predominance of flow 
measurements in industrial applications and because a 
differential transformer permitted the design of a high 
pressure seal with overrange protection and clectrical 
span adjustment. 

Taylor selected de transmission for temperature mea 
urements because in most cases thermocouples will bi 
used. ‘This means two wires in the field. ‘The thermo 
couple millivolt output is changed to l-to-5 ma d 
current in a converter (previously available as part of 
Taylor's product line). This potentiometer-transmitter 
uses vacuum tubes. Other variables transmitted as 
de are pH, de tachometer, and strain measurements. 

The recording of 1-to-5 ma dec transmitter signals 
is accomplished by passing the current through a 25/ 
ohm resistance, producing a 0.25-to-1.25-volt de signal 
The dc voltage is converted to ac by a mechanical 
chopper and amplified; then the ac voltage drives a 
servomotor, a pen, and a rebalancing potentiometer 
to null the measured signal. ‘Thus, at null the recorder 
pen is positioned in accordance with the value of the 
measured signal. For ac signals, the transformer output 
of 0-200 mv is compared with a signal from another 
differential transformer connected to the pen arm 


pressure 


The systems described 
to a party ular system and some common to several. ‘To 
redundancy, the common features are only mentioned 
throughout the description \ lack of mention i 
sarily to be construed to mean that the svstem de 
that feature 


ontain many features, some uniqi 
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FIG. 15. Taylor's two-pen recorder 
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Controllers for ac and dc systems 
same. Changing a printed circuit 
controller from ac to dc, as shown in Fi 
6-to-30-volt error signal input is chara 
portional, reset, and rate circuits, and tl 
rent is ]-to-5-ma dc into a 10,000-ohm 
resistance. Controllers use two \ 
four amplification stages 
sistance of the tubes makes it easier 
large reset and rate time constants nec 
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Fl 
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tion generator with the manual control station remain 
ing, or removal of the manual control station and its 
power supply. Two styles meet general-purpose or 
semihazardous area requirements. 

Ihe same current range for controller input and 
output facilitates installation of cascade control and 
ratio systems. Added versatility is available becaus« 
the secondary (flow) controller need not have its own 
set-point: the corresponding signal comes from the out 
put of the primary (temperature) controller. But if 


the set-point is included, a switch can break the cas 
cade connection when desired and permit the sec 
ondary controller to have its set-point take over direct 








mDoru $s Tow 


transmitter teatures 


ition 


control of the flow. 


Foxboro’s transmitter line includes a force-balance 


d/p cell using two wires with 10-to-50 ma output; 
motion-balance pressure and d/p using four wires with 
high or low level output emf resistance; and a com- 
bination of the company’s Dynalog and Dynaformer 
for transmission of outputs from analytical instruments, 
magnetic flowmeters, and capacitance measurements. 

For actuation, Foxboro has its own electropneu 
matic converter for pipe-mounting away from the 
valve’s hazardous area, and it can supply a pneumatic 
positioner if needed. The company also furnishes 
Fisher Governor electrohydraulic operators for all-elec- 
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tronic systems where air is not availabl 


SWARTWOUT AUTRONIC 
CONTROL SYSTEM 


The Swartwout Co. (Cleveland, Ohio) pioneered thi 
development and application of all-electronic minia 
ture control systems. Its system uses ac transmission 
(0.000 to 0.500 volt) from a differential transformer 
(for displacement-type transmitters) and controller-out 
put circuit of 1-to-5-ma dc into a 12,000-ohm load 
Swartwout controllers, Figure 21, feature plug-in in 
stallation at the rear of a mounting case containing th 
panel-mounted recorder, and a controller comprised 
of four separate plug-in printed-circuit card: 
supply, error amplifier, proportional band and _ reset 
ictions, and rate action. With this arrangement, con 
trollers can be made up to have only those function 
needed at the outset, or can be modified later for chang 
ing process needs. Depending on the actions use 
the controller can have two or three premium (rugge 
ized, long-life) vacuum tubes. The adjustment t 


ignal indication, anc 


pt IWCI 


jack for calibration and output 
locking device to prevent removal of controll 

the powcr 1s on, are at the back of the panel 

differential transf 


upplied by the sam 


Che excitation for th 
mitter must be 
upplying the recorder and controll 
ur wires in the field. ‘The fouw 

ires that the transformers’ phas 
voltage 
from producing a f 
iriation has the same relative 
Should the 


vitch restores the excitation 
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ind prevents any variation 


DOWCI 


our;rce 
| lI 


former controller be 
transmitter for mtinued 
roce variable 
] r00T 22 are 
ivailable with and without set-point stations. Recorder 
ind indicators operate the same way except that the 
recorder has a vertical scale while the indicator has a 
circular scale. The 0.000-to-0.500-volt ac transmitter 
signal is compared in an ac amplifier with a signal 
from a differential transformer linked to the pen. Am 
plifier output is proportional to the difference (error 
between measured signal and the existing pen position 
Output goes to a phase-sensitive rectifier, which pro 
duces a dc voltage at the input of a dc power amplifier 
Ihe de current output from the amplifier positions a 
rotary solenoid connected to the pen so that the 
olenoid force is balanced against a spring force 
Through the differential-transformer pen-position feed 
back, the pen rapidly (but with adjustable speed 
reaches the deflection called for by the measured proce 
variable. A curved chart plate provid 
without mechanical linkage. 
Swartwout manufactures a dc-to-ac converter as part 
of its product line. ‘This converter changes de mea 
urements from such instruments as Beckman pH meter 
tachometers, Ohmart density cells, and oxygen an 
alyzers into the 0.000-to-500-volt ac signal needed for 
system compatibility. A modification of the converter 
serves for cascade control, since the dc current output 
of the master controller must be changed to ac volt 
ige for input to the slave controller. The c 
feed a number of receivers. 


Swartwout indicators and recorder 


linear recording 


miverter can 





Other emf and resistance-t pe transmitters produ 
the Swartwout ac signal. These includ thermocoup! 
ind resistance thermometer converters for t m perature 
ind an ac amplifier for strain gage measurements and 
narrow-span control from transmitter lor actuatic 
the company has a power relay 
ducer for pneumatic valve opera 
operator using controlled vapor 


i large m thrust 


MINNEAPOLIS-HONEYWELL ELECTRIK 
CONTROL SYSTEM 
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impedances needed for ind 1 in ire-to-current using bellows or Bourdot 
An input signal (plu o minus It obtained pressure-to-current, and liquid 
from the ern r 
the recorder ¢ indicator housing O1 yt] yutput tuation, Honeywell 

+-to-20-ma « into % him ntrol] perator similar to its ¢ 

available with and without 1 ion It features pipe or valve mounting 


l‘or cascade control, the set-point spring on tl | 1 iid 1osion-proot Case if desired), q 

I te ; , 

in the error-sensing circuit of the secondary controller trical connections, and self-sealing pn 
erves as a bias adjustment and another coil added to onnect plugs to prevent bleeding of 


the magnet unit receiving the output signal from th date, Honeywe 


primar ntroller ct is the t-point Still other l 








for valves up to 2 in. and up to 10 or 12 in.) and an 
clectropneumatic valve positioner. The actuators will 


operate from Honeywell's 4-to-20-ma de signal. 


LEEDS & NORTHRUP ELECTRONIC 
CONTROL SYSTEM 


The L & N electronic control system, Figure 25 
will be available in 1959. For flow, level, and pressur: 
transmitters, the company uses a null magnetic balanc 
arrangement which generates a 1-to-5 ma dec signal 
Che transistorized transmitter operates on the basis of 
maintaining a constant electromagnetic field, but th¢ 
core displacement—proportional to the measured vat 
iable—changes the field. A feedback coil then aut 
matically adds a balancing field, and the current r 
quired to do this is proportional to the measured 
variable. For data handling, the transmitter produces a 
()-to-4 ma de signal, so that extra circuits are not needed 
to suppress zero. The temperature transmitter cle 
tronically converts an emf signal to the 
signal. 

Ihe controller has the usual three modes and i 
transistorized. It functions on the basis of voltag 
comparison developed by the input signal from th 
transmitter. One feature of the L & N controller is 
within one station, cascade control with adjustable low 
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ELECTRICALLY SIGNALED ACTUATORS 


ligure 1 shows many possible arrangements of elec 
tronic instruments and, at ACTUATION, the man 
ways of changing the controller electrical output to a 
powerful valve thrust. The electric signal controls ait 
pressure, oil pressure, electric current, and gas pressure 

Makers of control systems also produce some actu 
ating devices, and these, of course, operate from thi 
de-current output range from their controllers. Thes« 
makers may be willing to modify the electrical portion 
of the actuating devices to accept signals from other 
makes of controllers. Other makes of actuators, trans 
ducers, and positioners can easily accommodate signal 
from any controller. In fact, several of these product 
ilready are featuring compatible input circuits 


E’lectropneumatic transducers 
and positioners 


These devices modulate air pressure driving pneu 
matic valve actuators. Some transducers (relays) oper 
ite as follows, Figure 26: A moving coil in the field 
of a permanent magnet receives the controller signal 
ind through lever arrangement transmits a_ force 

a small diaphragm-pilot valve in the air portion of 
the relay. The air-loading pressure in the pilot bal 
inces the magnetic force and an internal connection 
irries this same pressure to the lower side of a larg 
diaphragm in a high-capacity booster relay. A booster 
pilot builds up the same pressure on the top of the 
large diaphragm, so that the loading pressure (the out 
put of the relay) is now proportional to the input 
current. The relay has thus taken a low-power ele: 
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il signal and transduced it into a 
‘sure Output for fast valve actuation 
Other clectropneumatic transducer 
nozzle arrangement, in which the input 
to a movable coil receiving the controller 
rent. An increase in current develop 
flapper-beam, moving the beam closer t 

the nozzle closes off, less air bleeds throug! 
output air pressure The beam move 
urrent 1s 
produced by air pressure acting through the 
it the beam 
is now proportional to the input current 
iction, that i when the valve 1 


produced by input equalized 


The output pressure goin 


increasing signal, the input polarity ! 
zero: spring 1 et so that at minim 
transducer output is 15 psi 
Hlectropneumatic valve position 
function of a transducer and a_positi 
lisher Governor }-Positrol, Figure 
up of two separate components, an e-p ti 
1 positioner ordinarily used for pneumati 
ition. Positioning assures that the val 


the position commanded by th 
valve-unbalan 
friction in the valve Posi 
plished by means of feedback betweer 
ind the controller signal 

Ihe Moore Products Co. F./P positioner wa hown 
previously in Figure 12. Here force balan 
ously exists between the clectromagnetic for 
input signal and the range 


ompensate for any 
instance, 


contin 
from th 
pring from 
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] plied to a current-sensitive detector, the controllei 
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Rat 
Feedback ~. HY Summ: a } [FF] put signal of this actuator develops a force which pr 
oy! Ne lorque earree duces a small displacement of the core of a differentia 
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nAir nine 
ns transformer motion detector. The transformer outpu 
goes to a relay amplifier which senses the direction 
4 signal change and drives a reversible ac moto! 
| correcting direction. A range spring fec 
- position to the current detector, and the 
tinues to correct until the desired stem | 
called for by the controller signal—is reach 
Ihe relay amplifier uses two vacuum tubs 
wires run from the amplifier in the control room 
the actuator; two to carry the controller signal, tw 
; carry excitation to the motion detector, two to cart 
WJ ‘ displacement signal back to the relay-amplifier 
} three to the reversible motor 
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FIG. 28. Schematic 
of Mason-Neilan 
electrohydraulic actuator I lec trov apor actuators 


[his is a new concept in actuation, 
cently by Swartwout; it uses controlled 
generated by electrical-heating vaporization 
contained fluid. The electrical signal 
release to balance heat input for the desired 
Internal stem-position feedback is included 
tions arc contained in CtE, October 19 


Standby power and wiring techniqu¢ 


Some users may require an emergen 
power on instant standby, ready to supply the el 
tronic instruments should a failure of normal plant 
power occur. George C. Johnson of Socony-Mobil 


FIC 20. Vasher Cover Oil Co. will describe in a forthcoming issue of Co» 


nor’s electrohydrauli rROL ENGINEERING some general aspects of 
tuator wit! power. This will be a checklist to determine 
sci standby source is needed, and if so, the 
get reliable standby power at the plant sit 
In the same issue, William Carmack of The F] 
Corp., Ltd., describes two wiring methods for electron 
control systems. The wiring sugg« 
VIG. 30 GPE Controls ac-de systems and dc-dc systems and are followed by th 
jet-pipe electrohydraulic tabulated results of a survey showing the relative cost 
valve actuator of wiring for small-plant, short-run, scattered-locatir 
of valves and transmitters; and for large-plants, | 


i 


tion over both 


runs, close-locations 


~~. 


. | — + 
nput or 
commoncd signa 
! | a 7 —e 


31. Schematic of Norwood Controls’ electric valve positioner 


Reprints at 40¢ each are available from 
Readers Service, CONTROL ENGINEERING 
330 W. 42nd St., New York 36, N. Y. 





lorsion-reaction double-integratin 
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commutator .h 
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assembly 


Double-Integrating Accelerometer 


THE GIST: Measuring acceleration in inertial 
guidance systems is not an end in itself. To be 
of use, the measured acceleration must be inte- 
grated at least once—to give vehicle velocity— 
and possibly twice—to give distance traveled 
and vehicle position. There are many non- 
integrating accelerometers that will give an 
output accurate to 0.1 percent or better of full 
scale, but inaccuracies are introduced in the 
electronic integration process that must follow 
—as much as 3 percent overall velocity error 
and 5 percent overall distance error. 

The torsion reaction accelerometer gets 
around this excessive integration error by 
measuring acceleration and performing two 
time integrations in the basic accelerometer. 
Current models are accurate to within 0.5 
percent, and an accuracy of 0.1 percent does 
not seem beyond reach. Too, this accelerom- 
eter simplifies the system by eliminating two 
stages of electronic integration and by pro- 
viding a pulse-train output signal. Telemeter- 
ing is easy, since velocity is proportional to 
pulse frequency (and inversely to pulse width) 
and distance traveled is proportional to the 
number of pulses. 


KENNETH E. POPE 
Integrated Dynamics Div., 
Globe Industries, Inc. 


The torsion reaction accelerometer consists of a 
modified permanent magnet de motor with a high 
inertia rotor system, Figure 1. The rotor, stator, and 
fixed-housing assembly is designed so that the rotor 
can rotate within the stator, and the stator can rotate 
relative to the housing. An unbalance mass attached 
to the stator assembly converts the latter into a 
pendulum, which, when subjected to an acceleration, 
rotates to close a motor switch. 

The motor switch (located to close after a small 
clockwise rotation of the stator assembly) energizes 
the motor upon sustained acceleration, and the 
starting torque reaction of the motor stator to the 
flywheel rotor opposes the rotation of the stator 
produced by housing acceleration. This causes the 
stator to move in a counterclockwise direction, open 
ing the switch and deenergizing the motor. But if 
the housing is still being accelerated, the switch 
closes again and the cycle repeats about 200 times 
per sec. 

It will be shown later that the speed of the motor 
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FIG. 2. Governor-type device, A, opens circuit at preset 
vehicle velocity. Voltage across large capacitor in B 
is inversely proportional to number of rotor revolutions. 


rotor, at any instant after time zero, is proportional 
to vehicle velocity at that instant, and that the total 
number of rotor revolutions is proportional to the 
distance the vehicle has traveled. The problem then 
becomes one of measuring rotor speed and angular 
movement 

A typical unit is 2% in. sq by 5,%; in. long, and 
weighs 20 to 30 oz. The maximum error can be held 
to plus or minus 0.5 percent for input signal ranges 
not to exceed a maximum of 1,000 times the smallest 
signal level to be integrated. By varying the physical 
configuration, units can be made to measure linear 
accelerations from 10 to 10, ¥% to 50, and 1 to 100 
g’s and to integrate velocities from 20 ft per sec to 
16,000 ft per sec (about 11,000 mph). The time 
period for which the unit can measure depends on 
the maximum acceleration. 


Signal output techniques 


There are several methods of making available 
signals that are proportional to accelerometer rotor 
speed and rotor angular movement. These can be 
classified as switch closures, pulse-train outputs, and 
continuous analog signals. Figure 2A shows a simple 
governor-type device that gives a switch opening 
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when the vehicle in which the accelerometer is 
mounted reaches a preset velocity. ‘Two of these 
devices—giving either a switch closure or a switch 
opening—can be included in one accelerometer. 
They are useful for initiating velocity-dependent 
functions. 

A pulse-train output can be obtained by using a 
simple commutator-brush pickoff, as shown in Figure 
1. The total number of pulses is proportional to the 
total angular travel of the rotor and, in turn, to the 
total distance traveled by the vehicle. Pulse-train 
frequency is proportional to vehicle velocity up to a 
frequency of about 2 kc. Note also that the velocity 
at any instant is inversely proportional to pulse 
width. In addition to simplifying the telemetering 
requirements, this output form lends itself to auto 
matic data reduction. This appears to be the most 
promising of the techniques that have been tried 

Figure 2B shows a way to obtain an analog voltage 
inversely proportional to the total distance traveled 
by the vehicle. The large capacitor is given a known 
initial charge. The small capacitor attached to the 
rotor is charged by the large capacitor each time the 
C brushes are contacted, and discharged to ground 
when the G brushes are contacted. Thus the re 
maining voltage across the large capacitor is in 
versely proportional to the number of rotor revolu 
tions and to vehicle travel. 

Presently under development is a digital-to-analog 
converter that will sum pulses to give a voltage pro 
portional to distance, and a frequency-to-analog con 
verter that will give a voltage proportional to the 
frequency of the signal and consequently propor 
tional to the velocity. These systems are expected to 
find application where visual display of velocity-dis 
tance information is desired, such a go/no-go 
warning systems on piloted aircraft 


Where to use it 


Because of the ease of telemetering data, this type 
of accelerometer is useful in sled acceleration and 
retardation tests, free-flight rocket engine tests, and 
other applications where accurate knowledge of 
acceleration, velocity, or distance with respect to 
time is required. Data can be recorded on magnet 
tape and automatically reduced to yield distance 
time, velocity-time, and acceleration-time point-to- 
point analog plots. 

Other major applications are in guidance systems 
or in the control of auxiliary functions in missiles and 
piloted aircraft. For example, many missiles are 
armed close to the desired firing point. The arming 
function is often initiated by a timer, with the 
flight time based on an average velocity determined 
from many test firings. The difficulty is that rocket 
parameters are not constant from engine to engine 
and for any given flight the actual velocity may vary 
considerably from average. A double-integrating 
accelerometer solves this problem by keeping track 








NOMENCLATURE 


motor torque 

external torques acting on stator 
other than torques due to 
acceleration or rotor reaction 
friction torques between 
stator and rotor 

friction torques between 
stator and housing 

torques acting on stator during 
four quarters of oscillation 
mass of stator unbalance 
acceleration of vehicle in 
measured direction 
acceleration normal to A 
lever arm of MA 

effective lever arm 

engular motion of stator 
from null point 

rotor inertia 

rotor angular acceleration 
rotor angular velocity 

rotor angular motion 
lumped design constents 


effective error torque 





of the distance the missile travels, so that there is m 
need to depend on flight time and average velocity 
to determine the proper arming point. Since the a 
celerometer also vields instantaneous missile velocit 
sclf-destru 
tems based on actual rock 
ind the knowledge that the missil 
still directed toward the target and hasn’t deviated 
from its intended cours« 

Special accelerometers with a threshold sensitivit 


it is also possible to include automat 
or continue-to-arm 
performan ( 


of 0.001 g and a maximum acceptance level of 10 g 
have been developed for use in missile guidance sy 
tems. Applications along this line include short 
interval stable platforms, where the desired flight 
parameters are prerecorded on tape 
put is 


Integrator out 
compared to the tape and corrective signals 
for the flight control system are generated by differ 
ential frequency or differential pulse-width tech 
niques 

Piloted-aircraft applications are similar to those in 
missiles: specific uses include vertical velocity deter 
mination during hard-landing tests on prototype air 
craft, vertical velocity determination during night 
landings of water-based craft, and various engine and 
aircraft performance tests during development. An 
interesting new development is a go/no-go takeoff 
indicator that tells a jet pilot whether he should 
continue or abort takeoff depending on_ aircraft 
performance prior to the arrival at the point of no 
return on the runway. 

Figure 3 shows an unusual application that has 
nothing to do with flight control, but is useful in 
computer applications. It is an analog-to-digital 
voltage integrator in which input torque is furnished 


by a torque generator rather than by accelerating 
the housing. 


Operational analysis 


The rotor and stator are free to rotate; hence, 
forces acting on these elements will result in torques 
that cause rotation, Figure 4. 

While applied torque MLA starts the stator oscil- 
lating, the actual torque causing stator rotation is 
the summation of all torques acting on the stator 
at any instant. During the first quarter cycle of 
oscillation (assuming the stator is in the unenergized 
position) the torque is equal to 


MLA cos 6 — Fua+ MLA, sin 6 —Fe + Fes (1) 
where F’,, is a frictional torque acting between stator 
and frame, A, is the acceleration, if any, perpendiculat 
to the acceleration being generally 
termed cross-axis acceleration), F,, is the frictional 
torque acting between stator and rotor, @ is 4 of the 
ingle through which the integrating element (stator 
moves (generally 3 deg), and F,,, is the sum of 
other unaccounted for torques acting on the stator. 

During the second quarter cycle of the first oscil- 
ition, the torque becomes 


measured 


VLA cos 6 — Ff VLA, sin 6 - 





where M_, is a motor torque generated by the motor 
when the null-sensing switch closed at the beginning 
of the second quarter cycle. During the third quarter 
of the first oscillation, the torque on the stator takes 
the form 


tr; = MLAcos@+ Fy — MLA,sin@d+FaetFee— Mere (3) 


And in the last quarter of the oscillation 

rs = MLAcos6+ Fy + MLA,s8in 6+ Fe + Fiz, (4) 
Since the term MLA, sin @ appears in two quarters 

with a positive sign and in two quarters with a nega- 

tive sign, the total effect of this component over a 

full oscillation is zero, assuming the oscillation 

excursion is equal about the null point. F,.,, caused 
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by imperfections in balancing and alignment, is 
dificult to determine, but precision balancing and 
machining keep it small. Since the dither angle 6 
is about plus or minus 1.5 deg, L cos 6 can be 
replaced by some average lever arm called Lyyy. 
The unbalance mass returns to its original position; 
therefore, the torque acting during the second and 
third quarters of oscillation is equal and opposite 
to the torque acting during the first and fourth 
quarters. Substituting in Equations 1 to 4 and 
summarizing yields: 
Ist 4 cycle... 20-711 = MLA — Pu — Fe (5) 
Qnd } cycle 21% © Miah —Fg—Fo—- Me © 
3rd 3 cycle. .20e- 72 = ML yA +Fat+ Pe — My (7) 
4th } cycle 1% = MLyA + Fa + Fe (8) 


Summing Equations 5 and 6, and 7 and 8, and 
equating the sum gives 
2ML yA ames 2Mr. ad 


— 2M, 


2MLyy;A 
0 (9) 


so that the average M,, is zero. During the second 
quarter 
BM, = Mid =~ Pa — Ps +B 
and during the third quarter 
Mre = MLysA + Fa + Pee + Lear 
so that the average M,, is 


2ML oft! 4 21 cr 


Mrs(avo) = 2 


and since the average M,, is zero, then 
ML .;A al 1 ar = 0 
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ator support 


ring to frame 
g to frame 


FIG. 4. 

The mechanics of accelerom- 
eter operation. Simple analy- 
sis shows that rotor velocity is 
proportional to vehicle vel 
ocity, and rotor angular dis 
placement to distance traveled 
by vehicle. 





If the stator moves with exactly simple harmon 
motion, then the supposition that MLA, sin 6 1 
equal to zero over any complete oscillation is true 
However, the oscillation time interval is generally 
not equal on both sides of null, depending on the 
magnitude of torque available from the motor over 
the magnitude of ML,,A. Consequently, an error 
is introduced unless the unit is mounted with it 
pivot axis parallel to the cross-axis acceleration A,. 
The final errors, E, appear in the form of torque 
Cherefore, 

—I] a, 
em 
A Car E (1]) 
Integrating both sides of Equation 11 between the 
limits t, and t;, where t, equals 0, gives 
V = Ciw, + Et, (12) 
where V is vehicular linear velocity, and o, is rotor 
angular velocity. Integrating Equation 12, in turn, 
yields 
d = rT =~ (13) 
where d is the linear distance traveled by the vehicle 
and 6, is the angular distance turned by the rotor 
This proves the proportionality between rotor speed 
and vehicle velocity, and between rotor angular 
position and vehicle distance traveled assumed 
earlier. 

By minimizing the effective erro1 
linearity accuracies of 0.1 percent have been achieved 
for the first and second time integrals of acceleration 
for time intervals up to 240 sec. 


torque E, 
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DATA FILE 


Electronic Standards 
for Industrial Equipment 


General Motors Electronics Committee 


The following standards have been extracted 
from “Electronic Standards for Industrial Equip- 
ment” prepared by a task group of the General 
Motors Plant Engineering Electronics Commit- 
tee to insure safe and dependable operation 
of electronic equipment in GM's manufactur- 
ing processes. The standards listed here are 
selected from a considerably larger original 
list so that the numbers do not correspond with 
those in the complete standard. The exact 
wording of the standards listed has been re- 
tained, however. 


GENERAL 
of these Electronic Standards is te 
provide detailed specifications for the construction 
ind application of electronic apparatu 
trial equipment, which will promote 
1. Safety to personnel 


The purpose 


to indu 


b. Uninterrupted production 

c. Long life of the equipment 

d. Ease and low cost of maintenancc« 

Wherever electronic and electrical equipment are 
employed together, these Standards shall appl 
only to the electronic equipment and shall b 
supplemental to the JIC Electrical Standards for 
Industrial Equipment 


STANDARDS ON CONSTRUCTION 
PRACTICE 

General 

l. The use of 
mended 
Subchassis which have the same function and rat 
ing and are electrically identical shall be inter 
changeable 

lest points shall be brought out for checking 
essential wave forms and voltages where terminals 
are not otherwise provided 


subchassis construction is recom 


lest points for measuring voltages in excess of 
1,000 volts shall be provided with voltage dividers 
Drawers or other plug-in chassis shall be guided 
and locked 

All hardware shall be plated or of a noncorrodibk 
material. 

Lock-washers or other locking devices shall be 
used 

Resilient washers shall be used whenever plastic, 


j 


phenolic, porcelain or other brittle materials 
bolted in assembly. 
Control knobs shall be fastened by tw« 


or other equivalent means. 


Soldering and electrical connection: 


] 


A solder with a noncorrosive flux, 
hall be used. 

All part hall be 
the part 1s 


tinned” before solder 
specifically plated to in 


AN” type conn 


ts 


oldered joint (e.g 
Ing gold plated conta¢ 
All parts shall be cleaned prior to s¢ Id f 

older shall be used on all 
terminals. 


{ minimum amount of 
onnections except tubular or cup-type 
For tubular or cup-ts 
be filled with solder 
Insulation shall not be damaged by 
Components which may be« 
when soldering shall be suitably shiel 

heat during the soldering operation 

Compression-type lugs and connectio1 
used. All other connections shall be 


pe termina , th i 


damage 


Interconnection cables and connectors 


] 


I'he external covering on the cable shall be oil 
resistant, such as neoprene, polyviny! 
equivalent 

When connection from the shield to both con- 
nector pin and the cable clamp is indicated, the 
shield shall be connected directly to the pin and 
the pin connected to the cable clamp by hook-up 
Connection to the clamp shall be by a lug 
I'he cable clamp of the connector shall be clamped 
on the outer insulated covering of the cable. The 
cable shall be built up if necessary, to 


hloride. or 


wire 


insure good 
clamping 

When more than one plug and receptacle are 
used and where interchange of plugs may result 
in injury to personnel or damage to equipment, 
they should not be interchangeable. 

I'he energized portion of the circuit shall be con 
nected to the female end of plugs and recep- 
tacles. 


ng 


g 
General-purpose hook-up wire shall nsist of 
stranded tinned copper not less than AWG 22 
with thermoplastic insulation. 

Shielded cable, single or multiple conductor, shall 
consist of stranded tinned copper not less than 
AWG 25 size for single conductor wire used in 
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subassemblies and not less than AWG 22 for all 

other uses. The wire or wires shall have thermo- 

plastic insulation, metallic shield, and an oil and 
moisture resistant covering, such as vinyl plastic. 

All conductors and multiconductor cable used on 

industrial equipment shall have insulation rated 

at 600 volts, except for the following: 

a. The internal wiring on electronic panels shall 
have insulation adequate for the voltage on 
that wire. In no case shall insulation less than 
300 volts be used. 

b. Special wiring of sufficient insulating capacity 
to protect equipment and personnel shall be 
used when external wires and cables must carry 
an excess of 500 volts. 

Current carrying capacity. The values of current 

ratings (amperes) of conductors given in Table I 

are for normal use. These values must be modi- 

fied for special insulations and locations. 

All wires and cables shall be secured and protected 

to prevent strain on the wire termination or fray 

ing of the insulation. 

The internal wiring of electronic equipment shall 

conform to the color code listed in Table II, which 

is based on the EIA code. This conformance shall 
be indicated on the schematic diagram and on the 
equipment. Multicolored wires shall be indicated 
by two or more abbreviated symbols (e.g. Wh. 
-Rd.). The base color shall be the first color ap- 


earing in the series. 


Printed circuits 


1. Plastic boards with copper laminate on one or 
both sides may be used in place of conventional 
wires within electronic units. 

The base material of the plastic board shall be 
grade XXXP or equivalent. 


TABLE I—CURRENT CARRYING CAPACITY 
OF WIRES 





Current rating, 


AWG wire size amperes 





22 3 
20 5 
18 6 

8 
14 12 
12 16 
10 24 





TABLE II—WIRING COLOR CODE 





Base color Abbreviation Circuit 





Black Blk. Grounds, grounded elements 

Brown Brn. Heaters or filaments, off ground 
5 Rd. Power supply high B plus 

White-Red Wh.-Rd. Power supply low B plus 

(range Or. Screen lis 

Yellow Yel. Cathodes 

Green Gn. Control grids 

Blue Blu. Plates 

Violet Vil. Miscellaneous 

Grey Gy. AC power line 

White Wh. Power supply B minus 
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TABLE III—CURRENT CAPACITY OF 


PRINTED WIRES 





Line width, in. Amperes Ohms/in. 





1/4 < 0.0009 
1/8 0.0018 
1/16 ay i 0.0035 
1/32 ‘ 0.007 





TABLE IV—VOLTAGE RATING 
PRINTED WIRES 





Minimum 
Voltage * line separation, in 
0-150, inel 1/32 (0.031 
Above 150-300, incl 1/16 (0.062 
Above 300-500, incl 1/8 (0.125 
Over 500 0.0003 in. per volt 





*Maximum peak voltage during normal operation. 


Plastic boards shall not be less than Y« in. thick 
Copper shall be 100 percent International An 
nealed Copper Standard (IACS) and no thinner 
than 2 oz per sq ft (copper 0.0027 in. thick). 
Bond strength shall be not less than 700 Ib/sq-in 
Currents for 0.0027 in. thick copper shall not ex 
ceed values shown in Table III. 

Line width shall not be narrower than #s in 
Line separation shall be in accordance with 
Table IV. 

Sharp corners should be avoided 

Lands shall be employed wherever components ort 
external circuits are used 

Printed circuit boards should be protected from 
deposits of conducting dust 


Mounting and clamping 


1. Mounting hardware shall be designed to 
replacement of parts and assemblic 
All miniature tubes shall be held in place by 
shields or clamps. All other tubes not mounted in 
an upright position shall be clamped 
['ransistors shall be mounted in sockets wher 
practicable. When transistors are mounted on 
heat sink or other special mounting, wires shall 
be connected to a terminal point to facilitate 
replacement 
Rivets and welds shall not 4e used to mount com 
ponents. 


facilitate 


STANDARDS ON GROUNDING 

All exposed metal parts shall be at ground poten- 
tial. 

Where the equipment is portable and the power 
connection is by means of a plug and flexible 
cable, the plug shall be provided with a grounding 
pole. The grounding pole shall make connection 
before any current carrying poles are made. The 
grounding pole connection shall not be broken 
until all current carrying poles are broken. 

A copper or other corrosion-resistant conductor 
shall be used for grounding purposes 

The size of the ground conductor shall be equal 
to the power conductors to the equipment. 





Digital Computers Grow 
in Great Britain 


The development and present status of the digital computer art in England 
are here critically surveyed by specialists who have lived with the problems. 
This month, Britain’s first computer show will exhibit for the first time some 
of the equipments discussed. They indicate, among other things, that the 
eyes of the British computer industry are turning toward the world market. 


1 


K. TYLDEN-PATTENSON ervative and set a high store on reliability (the user 
G. M. E. WILLIAMS, demand satisfactory completion of very exacting test 


alla o asl 
P. E. Management Group, Ltd., London before accepting delivery ’ 
In the smaller companies, the ne ty for econ 


omy has meant a very careful investigation into the 
possible uses of computers, and reports that have 
Although the development of digital computer rossed the Atlantic of unsuccessful installations 


in Great Britain has lagged considerably behind that have increased the timidity with which the subject 


in the U_S., the computer exhibition to be held in is approached. 
London this month will show that the British manu Ihe increasing interest by both in luals and 
facturer in now meet the challenge in America ympanies in electronic data processing hown by 
ind in some instances even offer equipment not yet the growth of the British Computer $ , started 
ivailable there. The slower growth in Great Britain is the London Computer Group and expanded in 
nay be attributed to the innate caution of the the last 12 months to most cities in Great Britain 
iverage British company concerning investments in 
o-called newfangled ideas, to the recent credit The Large-scale Computer in England 
queeze, and to the size of the average firm which, 

The U.S. began building its 


with the exception of a few large combines, is smal] . “ae 5 
the ENIAC, while the w 


nce then defense contracts 
omputer development on a 
British effort began during the 


ompared with its American counterpart 
Ihe rate at which computers have been installed 
in be seen from Table | This table excludes 
electronic calculators without internally stored pro 
grams, even though they may be capable of being 
programmed, and therefore omits such machines as 
the British Tabulating Machine Co.’s 542, 550, and TABLE | 
555, the IBM 604 and 626, and the Powers Samas MACHINES ACTUALLY INSTALLED IN GREAT BRITAIN 
IMP and PCC, for all of which there is a growing 


demand 


1 
Dig 





Year Scientific design Data 


(he ratio of computers used for data processing ; 
and research processing 


ind scientific work is at present the reverse of that 
in America, but within the next year the data proc 
essing field will exceed the scientific. Data process 
ing applications are now covering a wide range, from 
standard payroll procedures, complicated in England 
by the use of pounds, shillings, and pence, to the 
mixing of ingredients using linear programming tech 
niques, production control, and utility billing. Local 
governments are using computers for records and 
property-tax assessments 

British designers and manufacturers, and particu 
irly potential computer users, are strongly con 
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the end of the war, in the Universities of Manches 
ter, Cambridge and London, and at the National 
Physical Laboratory of the Government Dept. of 
Scientific & Industrial Research. Shortly after these 
projects started, various British electrical manufac 
turers became associated with them. Financial as 
sistance and encouragement were given by the Na 
tional Research Development Corp., a body set up 
by Act of Parliament but not as a department of the 
government. ‘The initiation of prototypes by com 
mercial firms like Elliott Brothers (London), Ltd.. 
Ferranti, Ltd., and EMI Electronics, Ltd., was 
among its contributions. 

(he design and the development of digital com 
puters specifically for data processing has until re 
cently been concentrated with the punched card 
manufacturers and with Leo Computers, Ltd. Th 
latter company sprang from J. Lyons & Co., Ltd., 
food manufacturer and caterer, which had the for« 
sight to see that electronic computers would be of 
great assistance in clerical operations. Not being satis 
fied with any of the machines available from cither 
the U.S. or U.K., Lvons pioneered the first British 
data processing computer in collaboration with Cam 
bridge Universitv in 1949. This machine was devel 
oped for Lyons itself, but proved so successful that 
the company set up the manufacturing unit referred 
to above. The first model, developed from the Cam 
bridge EDSAC, was in operation in 1953; the pre 
ent computer retains much of the original logic and 
technology. Its stores consist of mercury delay lin 
which are now backed with magnetic 
magnetic tape storage. 

I'he National Physical Laboratory started design 
work on a machine known as ACE in 1947 and 
asked the English Electric Co., Ltd. to assist in the 
manufacture of the basic hardware. ‘The engineer 
ing design work was extended so that a small operat 
ing machine, the Pilot ACE, could be manufa 
tured. Magnetic drum storage had become avail 


drum and 


Fig. 1. Ferranti, Ltd.’s PEGASUS, designed for multipur 
pose data processing, uses plug-in construction, has 
magnetostriction delay lines for fast-access storage 


as DEUCE. 


ible by then and in 1953 the specifications were 
completed for a fully engineered computer known 
At that time it was agreed that onl: 
three machines should be made, one for the National 
Physical Laboratory, one for the Royal Aircraft 
Establishment, and one for the English Electric Co 
Ltd. However, the demand for similar machine 
ettort. 
three more machines were ordered in 1954/5 and 
in April 1955 the first machine was actuall 
To-date, the 
these machines fot 
DEUCI 
equipment manufactured by the D 
While these developments wer 
Ferranti, Ltd., was working with Mar 
versitv, where the cathode-ray_ tubs 
was born, on research into the b 


thi 


was such that without any commercial 


Oomimi 


sioned 


company has installed 


research and entif 
| 
recently was fitted with m 


tron! ymputer From 


I 

Mark I machine emerged for us« 
PEGASUS wa developed it the 
multipurpose data processing mai hin 
kevnote of PEGASUS wa pa kaged 


ind good logical design using standard 


ind nickel delav lines as immediate 
The original PEGASUS was fitted wit! 
Apc! ] 


tape input and output mi 


e then are designed for El 


tape decks and IBM and British 


i 
hine Co. punched 


lati 
troData-designc 
Ll abulating Ma 
ird equipment Ihe 
has extended its activities into the data processing 
field with a svstem known as PERSEUS and in the 
ientific field with a large computing 
known as MERCURY It has also 
pe off-line printing system using 
KlectroData tape deck and a high-speed printer 
Elliott Brothers (London), Ltd. has developed a 
ries of scientific and data processing 
known as the 400 series. The Elliott 405, now mat 
keted bv the National Cash Register Co., Ltd., was 
the first data processor to use British-designed 32-mm 
sprocketed magnetic film equipment. Elliott was 
ilso the first company in the United Kingdom to 
develop magnetic discs (capacity of 16,000 words 
The 405 system was developed on a unit 


OmMpan 


1] 
installahion 
pI rduced ! 


magnetic tape 


machin 


onstru 

tion principle to allow the user to add to the basi 

omputer. An Elliott card reader operating at 400 
irds per min is now being fitted to computers made 
by other manufacturers. 

\ comparative newcomer to the field is EMI 
Electronics, Ltd., with its EMIDEC computer. This 
transistorized machine is fitted with 1,024 words of 
immediate access magnetic core storage backed by 
(up to) four magnetic drums of 16,384 words capacity 
each. EMI magnetic tape decks with a digit rat 
of 20,000 per sec will replace the Ampex tape unit 
now in use. The EMIDEC has a two-address code, 
and in operations where two source addresses must 
be specified, one is also used as the destination 
Transfers and arithmetic operations can take plac« 





il Mullard magnet re. This unit 

lanes, each having 1,024 rectangular-loop Ferrox 

re is threaded by four wires: an X-drive wire 

i 3 digit wire, and an output wire The tota 
city of the unit is 40,960 digit 


memory st 


between anv of the 1,024-word registers, and the 


ontents of any one of eight modification register 


in be added to anv instruction before it is executed 


lhe control unit, in which the detailed operations 


» be performed for each instruction are obtained 


by the lacing of a magnetic core matrix, is such that 


; 


ita ustome}r: 


tion in his operation code it 


1 reasonable cost 


wants to incorporate a specific fun 

in be fitted casily at 
These facilities 
flexible and 


make the machine 
uitable for both scientific 
ind data processing work. Like most other British 


omputer the machine operates in straight binar 


extreme] 


File processing 


~ 


from 112 inputs 


In addition to producing the EMIDEC, EMI has 
been working under contract from the National Re 
itch Development Corp. on a 
tem of the future. The 


i ynputer using 


processing 


svstem 1 
transistors as the logical element 
vith 4,096 words of magnetic core storage, which 
blocks of 4,000 words 
Lhe high peed is increased by the use of 64 diode 
ipacity working registers. Buffers can be 

by the program to any one of a number of magnet 
tape decks. Primarily designed for use with off-line 
peripheral 
tl 


enter 


in be extended by further 


vitched 


tape preparation and editing 


works on 


m, the addressing and organizing of 


equipment 
Tt omputet variable-word-length s\ 


; 


be simplified by an automatic method of coding to 


make all words appear t 


o the programmer as single 
length one-brick words (one brick is a storage ad 
dress and a word is made of a number of bricks 
ombination of digits Ihe 
off-line cquipment for the preparation of input tape 
1 multiplexing unit and has been de 
signed specifically for keyboard input. A total of 


112 electri 


required for a specih 


] 
i KNOW! a 


typewriters are coupled to the multi 


plexing unit, the input from each collected line 
by line in a core store and sent with an appropriate 
reference to a ]-in. magnetic tape. ‘This tape requires 
editing by the computer but provides a relatively 
cheap method of tape preparation. A file-and-search 
unit has also been designed for the bulk 
records on multitrack 4-in. magnetic tape 

Once it is electrically switched to any one of a 
number of 4-in. tape-files, the search unit can select 
a record or sections of a record from the file. The 
input to the system is a l-in. call tape giving an 
ordered list of record numbers and part of the record 
to be selected. The output is a second |-in. tape 
containing the selected data and a notification of 
iny errors occurring during the selection process 
The 4-in tape 
election from the 


torage of 


is run continuously, and editing and 
ut during 
The central computing unit 

in read from and write on to both the 1-in. and 
tin. tapes 
it for both scientific and data processing applications, 


call-tape are carried 
the transfer process 


Ihe high speed of this machine suit 


hould be 
An off-line 


ind although comparatively expensive, it 
highly profitable in terms of users’ time 


printing system operated by ti 


under development 
IBM (United Kingdom), Ltd., ha 
of IBM 650 computers and one 704 
Great Britain. Production of 650’s has begun in 
Greenock and delivery has started. Although 
IBM is a newcomer to the punched 
ird field in England, it is already making its pre 
e felt in this growing market 


magic 


already 


omparative 


Medium- and Small-scale Computers 


Powers Samas Accounting Machines, Ltd., 
l'abulating Machine Co., Ltd., Metropolitar 
ers, Ltd., and Standard l'elephones & Cabl 
have all developed small machin | 
British Tabulating Machu 


Samas, have ombined to form a 


OTM panic 


vhich should start operating in 1959, with 
labulating Machine Co., Ltd., the ma 
der Ihe Powers Samas PCC ha 
rage of 160 words and is programm 
prepunched ind eveletted board 
r quired programming instruction 


for immediate access throughout t 


ritish ‘Tabulating Machine dev 
2, a scientific machine, and the HEC 
is the type 1201. The HEC 4 has 
magnetic drum storage and two 


iccess stores. Its arithmetic unit 


shift registers, an adder, and a complet 


machine has proved extremely populat 

Hollerith 

The tvpe 1201 was followed 
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1202, which for the most part is a d 


the former machine. ‘The main cha 


extension to an existing 
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FIG. 3. The Decca twin-tape unit can 
transfer data at 80,000 bits per sec, holding up 
to 23 million bits on each tape. 


provision of a larger drum (with 4,096 words of 
storage), an additional quick access store, and the 
ability to add into two registers instead of one. The 
company has also developed the type 1400, com 
ing in 1961, which will be marketed initially with 
an arithmetic unit, a program controller, 100 words 
of immediate access core storage, a magnetic drum 
main storage, a console, and input and output 
buffers. This computer will be water cooled to 
reduce the air-conditioning required. Ultimate devel 
opments will increase the high-speed storage to a 
maximum of 1,000 words and up to four additional 
magnetic drums. Magnetic tape, printing, and 
punch-checking facilities will also be incorporated. 

In 1956 the Metropolitan Vickers Co., Ltd., devel 
oped the Metro-Vick 950 computer with the object 
of providing a cheap, relatively fast machine with 
paper tape input and output for scientific purposes 
This company is also manufacturing a data-process- 
ing system, known as the 1010, whose facilities in 
clude 2,048 or 4,096 44-digit words of magnetic 
core storage with an access time of 34 microsec and 
a cycle time of 10 microsec. Auxiliary storage may 
be provided by magnetic drums of 8,192 words or 
by a 30-in. diameter drum with a capacity of 60,000 
words. Decca twin-tape units, Figure 3, are used for 
magnetic-tape reading and writing, and all inputs, 
outputs and auxiliary storage are buffered. 

Any two or more programs can be operated con 
currently if they have been written in accordance 
with certain conventions; but each program must 
have its own specific auxiliary apparatus under con 
trol and the total requirements for working storage 
of the program in operation must not exceed the 
capacity of the working store. Access to subroutines 
held in the drum stores may be shared. Facilities 
are also provided for temporary interruptions of one 
program in order to execute another of higher pri 
ority. Such interruptions may be complete or may 
be partial to allow parallel operation of both pro 
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grams. The design uses transistors and printed 
circuits to insure reliability. 


Printed wiring for automatic production 


The STANTEC ZEBRA computer manufactured 
by Standard Telephones & Cables, Ltd., has unique 
instruction-word and logic facilities: instead of being 
decoded themselves, the instructions set up the 
necessary circuitry and more than one function may 
be carried out at a time by a single word. One of 
the cheapest computers available to the British mar 
ket, it was designed from its inception with a view 
to large-scale production. The majority of its units 
are constructed from preprinted circuit panels into 
which plug-in units are fitted, see Figure 4. Th« 
design has been carefully worked out so that the 
minimum number of different plug-in units are used 
Each unit has wrapped wire instead of soldered 
joints. 

Equipment being prepared for the automatic 
manufacture and assembly of units for the Zebra 
and other electronic apparatus will use an insulated 
sheet, punched by a matrixing machine controlled 
by punched paper tape, to take the individual com 
ponents. These will have their leads cropped and 
formed and be fed in sequence for insertion into the 
sheet. The formed ends will be looped over a 
herringbone strip of tinned brass and dipped in 
solders to make all connections at once 


FIG. 4. ZEBRA computer made by Standard 
Felephones €& Cables, Ltd., uses printed wirn 
shown from rear, to connect plug-in circuit 
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The Zebra incorporates transistors in its track 
switching circuits but in other respects uses electron 
tubes. A ferrite storage system has been developed 
for use as buffers between the Zebra and its mag 
netic tape equipment. Unlike the more usual mag 
netic core storage, in which each bit needs a separate 
doughnut of ferrite material, the ferrite core is a 
solid state device in which each bit stored is physi 
cally represented by a hole drilled through the block, 
as in Figure 5. The principle of operation is similar 
to that of the standard magnetic core store; i.e., both 
depend upon the squareness of the hysteresis loop 
of the material. At present, no outstanding claims 
are made about the advantages of the ferrite store, 
though advances in engineering techniques are dis 
closing the possibility of producing cheap quick 
access storage. The holes in the block are drilled 
by means of ultrasonic techniques 


Tape Machines and Input-output Equipment 


This group of companies has also produced two 
continuous-loop tape machines. The first, the Ant 
werp tape unit, consists of a loop of magnetic tape 
about 300 ft long, which is passed over a read-write 
head. Five or 10 such combinations of read-write 
heads and tape loops, each having its own associated 
reading and writing amplifiers, are incorporated into 
a single frame. The tape used is } in. wide with 
12 tracks of 250 bits per in. and a speed of 100 in. 
per sec. The control of the tape feed is by a capstan 
with a suction couch. After passing over the read- 
write head, the tape is blown by air to the far end 
of the tape tank where it folds and settles under its 
own weight; it then moves toward the read-write head 
on a belt conveyor. The equipment provides a cheap 
and easy means of random-access storage 

The other machine uses a single-track quarter-inch 
magnetic tape; it was developed to replace the auto 
matic punched paper tape handling device in the 
telegraphic communications field. This machine is 
capable of recording information received character 
by character on a start-stop basis and can hold over 
one hour’s transmission on a single tape reel. 

The input to the majority of British computers 
is a punched paper tape or card reader. Speed of 
reading paper tape has been increased to 1,000 char 
acters per sec on five, six, seven or eight channels 
and the speed of reading of punched cards now is 
as high as 600 cards per min 

The most advanced example of input equipment 
is the direct character reading machine manufac 
tured by the Solartron Electronics Group, Ltd., un 
der the name of ERA. This device, which was 
described in Controt ENGINEERING in May (pp. 137 
ff.), is capable of reading the printed information 
from tally rolls produced by cash registers or other 
devices. 


developed from existing telecommunications and 
punched-card equipment. In high-speed printing, 
the practice has been to import accessories, though 
British sources are now becoming available. One 
of these sources is the Samastronic printer developed 
by Powers Samas and now being fitted to a number 
of computers. It prints at a rate of 300 lines of 
140 characters per min and uses a wire stylus for 
forming the characters. 

Creed & Co., Ltd., is marketing two interesting 
items: a high-speed eight-channel paper-tape per 
forator capable of punching 300 characters per sec, 
with facilities to start and stop character by char- 
acter, and a high-speed paper-tape printer operating 
it 100 characters per sec. Both are now being 
pecified as part of the computing system of other 
manufacturers. 

Despite the slower pace and progress of the British 
omputer manufacturers, engineering standards are 


FIG. 5. Stantec’s ZEBRA also uses drilled ferrite 
blocks like these in place of the usual cores for magi 
storage. The domino-like blocks allow for 

implifi ation in construction of magnetic memori 


high and logical techniques sound. One of the most 
difficult phases of growing up, that of the first shock 
of transferring from the experimental to the pro- 
duction stage, 1s now passing. 

Incidentally, this development has taken place 
despite an acute shortage of men with the proper 
iptitude and experience in basic and auxiliary equip- 
ment design. This shortage is most marked in the 
use of solid-state elements and magnetic stores of 
kinds other than magnetic drums 

Neither transistors nor magnetic cores were avail- 
able in quantity until comparatively recently, but 
the supply continues to improve. Research into the 
use of transistors is being undertaken by all the 
British computer laboratories but actual applications 
have so far been somewhat limited. The cost of 
transistors even in large quantities is not at present 
comparable to the cost of vacuum tubes in the 


a 
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United Kingdom and this fact, together with the 
limited supply available, has slowed the pace of 
development. 
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Output equipment, as in the case of many 
medium and low-speed input devices, has been 
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How to Design Wide-Band 
Constant-Phase-Shift Networks 


Here’s a circuit that maintains constant phase and constant amplitude over 
a fairly wide frequency range. The author used it as part of a speed-control 
system for three-phase synchronous motors. The circuit values developed 
for illustration produce a relative phase shift of 90 deg plus or minus 5 deg 
from 150 cps to 510 cps. Other amounts of phase shift are also possible over 


a frequency range which depends on the total phase deviation permissible. 


RICHARD WHITE 
Hoffman Electronics Corp. 


Figure 1] is the block diagram of a single-phase to 
three-phase converter used to drive a three-phase 
synchronous motor from a continuously variable 
150-to-500-cps single-phase source. The only prob 
lem is how to get a uniform 90-deg phase shift 
throughout the desired frequency range while main- 
taining constant two-phase amplitude. 

The phase-shift circuit developed to do this is 
shown in Figure 2. Figure 3 is its circle diagram, 
which shows that the voltages E,, and E,, must be 
equal and constant in amplitude for all frequencies 
with a constant input amplitude, E,,. This satisfies 
one requirement of the network. 

Consider the phase relationship of these two volt FIG. 1. Variable-frequency single-phase t 


ages to the reference E,,. and to each other. The nverter that requires constant phase-shift net 


Fig. 3 Circle diagram for 
of Figure 2. Angles are define 


FIG. 2. This circuit can be designed to have 
relatively constant phase angle between points 
d and e over a fairly wide frequency range 
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phase-shift angles of E,4 and E,, are a; and ag, re 
spectively. The angle between E,, and E,, is then 

aT = ay a? ] 
and the phase-shift angle equations are 

a, = 180 deg — 26 2 

a 26, 3 
where 6; and 62 are the phase angles of R,C, and 
R,C2, respectively. Expressed as functions of the 
components, these angles are: 














tan 


woRC, 


ee eld 
Substituting Equations 4 and 5 in Equation 


and 3 gives 


180 deg 
frequency range that can be 


1 values are 1.4 and 4.8. Solving 
4 wohA 1.4 at 150 


2 tan RAL, 1.5 &* 107° sec 


wht. 


so that, by substituting Equations 6 and 7 in Equa 


tion | . Ry KRA 0,22 
y the upper frequency, 
xX wRA 


510 ¢ ps 


180 deg 
A 


[ive 


a 
required time constants were 


tual component values s 


; i. R 220 kohms 
Solving Equation 9 for tan a7/2, yield R 150 kohms 
( 0.001 mfd 
oh , Cc. = 0.01 mfd 
RRA 
1 if Ihe circuit, constructed as shown 
alic ] 
hecked in the laboratory with an 
and ind phase meter. The measurement 
RA lated in Figure 5 
Fee The circuit de 
| e Ge 


Equation 10 reduces to 
Borg 


tan 


X(1 K 
KX? + 1 


Ihe ratio of the time constants, K, can now be 
ilculated if the allowable deviation in phase shift 

spe ified 

Solving Equation 11 as a quadratic in X and equat 
ing the two solutions to obtain a singular value for K, 


for a given maximum value of a7/2 


For a specified phase shift of 90 deg plus or minus 
g, the upper limit of ay/2 would be 47.5 deg 
Substituting this in Equation 12 and solving fot 
K yields a value of K of 0.15. Figure 4 is a plot of 
Equation ll for K 0.15 

Equation 11 can now be solved using the lower 
limit of a7/2, (42.5 deg Vhis gives the values of 
X corresponding to the upper and lower limits of 


> dk 


NOVEMBER 1958 








= 


mi 


~ 


| 


igs 


q 


WHY USERS ARE STANDARDIZING 
ON THE TAYLOR TRANSCOPE RECORDER 


Never before so many features in so little panel space ! 


I All settings and adjustments made from front. 
Results are immediately obvious and the record 
is uninterrupted. Control response adjustments 

when a TRANSCOPE Controller is mounted on 
can be made with a 
screwdriver without going behind the panel board. 
Gain, reset and Pre-Act* dials are calibrated 


the rear of the recorder 


in specific units. 

This elimination of ‘blind adjustments’ is 
typical of the attention to detail that has gone 
into the design of the 90J series Recorders. 

Also color-coded, adjustable signal-dampers 
one for each recorded variable) are easy to get 
at, located right behind the chart drive. 


2 Plug-in design. All principal assemblies are 
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plug-in mounted for flexibility and easy accessi- 


bility. Individual unit parts are interchangeable. 


:B Left-to-right record. 4” rectilinear strip chart 
travels from right to left for easy reading. Gives 
continuous 30 day record (optional 24 hr.)—3 
hour visibility. Most dependable chart drive 
ever devised—available in electric or pneumatic 
form. Pneumatic impulse twice as smooth as in 
conventional impulse drives. 


i Bumpless Automatic-to-Manual switching. Air 
leakage while switching is eliminated by an in- 
genious “QO” ring slide valve. Selector lever travel 
is limited by mechanical stops, insuring positive 
positioning. 





e> More accurate records. The Servomatic > 
Motors give precise pen positioning. Essen- 
tially a power piston with a built-in posi- 
tioner, the servomatic motor is the heart of 
the Transcore Recorder. Delivers 150 
times more power than the conventional 
bellows type actuation, insure lifetime ac- 
curacy and sensitivity, a minimum of 
maintenance. Servos are sensitive to changes 
of less than 0.1% in the pneumatic signal. 


43 Process Alarms provide built-in protection. 
\s many as six process alarms can be in- 
corporated in one recorder housing. At- 
tached to the servo drive shaft, they may 
be either electric or pneumatic. Alarms are 
available in various combinations and may 
be set for high level, low level or band. 


Z A Complete Cascade System in one case. 
The 90J Recorder was the first to incor- 
porate a complete cascade system in one 
recorder case in a 6” panel cut-out. It pro- 
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vides the simplest, smoothest process start- 
up. There are no external switches or relays. 
Note unique Cascade-Balance-Set Switch.) 


Master and secondary variables are contin- 
~ 3229 


uously recorded. Master and secondary con- 


troller outputs, as well as set points, are CAS BAL SET @\ 


continuously indicated. 

This outstanding feature of the 90J Re- 
corder means substantial savings in instru- 
ment costs, panel space, operator’s time. 


4B Unique Set Point Transmitter allows con- 
tinuous control. The 90J Recorder's Set 
Point Transmitter is a complete plug-in 
unit, separate from the main recording 
mechanism. Thus when the recorder slide 
is removed for checking the transmitter 
remains plugged into housing, keeping the 
process on uninterrupted, fully automatic 
control. 

Thanks to this exclusive TRANSCOPE 
feature there’s no need for process down 


time for instrument inspection or servicing. 


See your Taylor Field Engineer, or write for Catalog 98286 
Taylor Instrument Companies, Rochester, N. Y., or Toronto, Ontario 


aylor Lnslruments MEAN ACCURACY FIRST 
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ELECTRODYNAMIC ORBITS 


By the application of properly chosen alternating and 
static electric fields, electrically charged particles can 
be maintained in dynamic equilibrium in a vacuum 
against interparticle and gravitational forces. This is 
illustrated in the above photograph of the orbit of a 
charged dust particle. During the time of exposure the 
particle traversed the closed orbit several times, yet it 
retraced its complicated path so accurately that its 
various passages can barely be distinguished. 

The range of particles of different charge-to-mass 
ratios which can be contained in this manner is deter- 
mined by the gradients of the static and alternating 
electric field intensities and by the frequencies of the 
latter. In the absence of static fields and for a given 
electric field strength, the minimum frequency required 
for stable containment of the particles is proportional 
to the square root of their charge-to-mass ratios. Thus, 
charged colloidal particles require the use of audio fre- 
quencies, atomic ions need HF frequencies, while elec- 
trons require the use of VHF and higher frequencies. 

Under the confining influence of the external fields, 


the particles are forced to vibrate with a lower fre- 
quency of motion which is determined by the external 
field intensities, space charge, and the driving 
quencies. If the initial thermal energy is remo 
number of particles may be suspended in sp 
form of a crystalline array which reflects the 
properties of the external electrodes. The 
crystals” can be repeatedly “melted” and re-fo 
increasing and decreasing the effective electr 
ing force. These techniques offer a new 
the study of plasma problems and mass spe 
what may be properly termed “Electrohydr 

At The Ramo-Wooldridge € orporation 
progress in this and other new and inter 
Scientists and engineers are invited to explor 
openings in Electronic Reconnaissance and ( 
measures; Microwave Techniques; Infrared 
and Digital Computers; Air Navigation an 
Control; Antisubmarine Warfare; Electronic l 
Translation; Radio and Wireline Communication 


Basic Electronic Research. 


The Ramo-Wooldridge Corporation 


LOS ANGELES 45, CALIFORNIA 
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IDEAS AT WORK 


Programmer Performs Quick-lix 
On Own Failures 


\ recently tested missile-launch- 
ing controller has built-in logic 
circuits that detect and indicate 
faults in its own operation, then 
make a temporary repair by 
substituting an alternate oper- 
ational path automatically. The 
logical design of a typical por- 
tion of this controller is de- 


scribed here. 


LAWRENCE KLEIGER 
American Machine & Foundry Co 


An electroni 
alled “Rego v 
clectrical control 
recent] tested 
launching ystem 
locate ind 


i1utomaticall 


quick-fix” circuit, 

included in the 

designed for a 
automated missile- 
[his circuit detect 
fault, then 
provide in alternate 
path to correct or by-pass a failure 
\ fault in a control 
when a function (1) fails to start on 
time, (2) fails to complete on time, 
proceeds out of 

I'he complex control circuitry for 
the missile-launching 
i full c 
but a minimum of 


indicates a 


system occur 


OI Dp equence 
tem demanded 
mplement of fault circuitry 
killed personne] 
lor this reason, the first two of the 
three types of failures were combined 
mmon circuit. The logical 
hown in the block dia 
Receipt of an indication that 
the previous sequence has been com 
pleted starts a new sequence, C, con- 
isting of a number of functions. As 
each function is concluded, the next 


into one < 
operation 1S 
gram 





until 
have been compl 

Iwo timing devices, a function Regs 
timer and a seque e timer, are en 
gized when the sequence is initiated 
Ihe function timer is set to time out 
hortly after the function heduled 
to be completed. If the function 1 
ompleted within time allowances, th« 
timer will be reset and no fault will 
be indicated. If the function is not 
ompleted, the timer times out and 
energizes the function actuator through 
nother path, separate from the usual 
ircuit. In addition, the fault is 
registered on a special fault panel, 
F. A delay in the completion of a 
equence, caused by a sticky valve or 
worn bearing, could cause 
ition This information has value 
iS a warning that a serious fault may 
occult Maintenance then can 
be performed in time 

Parallel functions, such as Fun 
tions 1 and 2, are timed by the same 
function Rego timer. The fault di 
play can be designed to register each 
fault separately, and thus remove any 
imbiguity, but this was not found 
necessary in the programmer illu 


1 fault indi 


soon 





eri 
with greatly 
eparate Rego timi 
the one used for I 

The equence til 
the beginning of 
to expire after tl 
elap ed for complet 
in a sequence plu 
tor Rego”’ If 
been complet 
ilarm sounds and 
on the monitorins 
such a fault o¢ 
functions are im 
ining the display 
must determin 
requl ed 

As long as th 

in repair itself, tl 
has to monitor 
decisions. The 


matic crcuitri 


registered on th 
paired at a later tir 
It is also possible t 
ber of operations of nent and 
replace it when it enters the unt 


liable portion of it 
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SWARTWOUT AutroniC® INSTRUMENTATION 





eliminates trouble at the 
transmitter - - - where 
trouble is really TROUBLE 


The differential transformer, heart of the 
transmitter, is so dependable in operation that 
Swartwout guarantces its performance un- 
conditionally for life. What more could be 
said? 

Added to the control advantages of the 
fully electronic loop is the dependability of 
the exclusive AC-DC system. It offers the best 
of everything: AC in sensory and amplifica 
tion circuits; DC in the control output signal 
It is tested, proven and praised by users in 
all fields. 

For good reasons, the trend is definitely 

AvtroniC ... and the full facts are available 


to you in a new series of four bulletins. Re- 
quest Bulletin Series A-801. 


No instrument transmitter, either developed 
or on the horizon, matches Swartwout in 
simplicity . . . reliability . . . or performance 

Swartwout offers utmost reliability where 
it counts most: out on the process line. With- 
out tubes or transistors . .. electrical ad- 
justments, slide wires or involved circuitry . . . 
without orifices to plug or magnetic ampli- 
fiers . . . the AutroniC transmitter has vir- 
tually nothing that can fail. No tinkering; 
no tampering; no replacements; no trouble 


—— worid teader in THE SWARTWOUT COMPANY 
SWARTWOUT electronic process 18511 EUCLID AVENUE, 


instrumentation CLEVELAND 12, OHIO 
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Measuring 


BENJAMIN BARRON, Magnetic 


The 


to have meaning if two ac signal 


idea of “relative phase Ccase 

ire 
and the problem of measur- 
ing this phase shift gets quite difficult, 
particularly if the signals may be asym 
metrical about zero amplitude. The 
ontrol engineer meets this problem 
iften; ¢ tnes to measure 
the relative phase ; of the voltage 


the windings of two-phase ac 


dissimilar; 


when he 
on 
servomo 
tors in magnetic amplifier or thyratron 
circuit Some of 
the “effective relative phase 
net ce d Ith 
Magnetic 
produce 
di tortion 


means measuring 
shift’’ is 
uch cast 
amplifier 
imounts 


ind thyratron 
of waveform 
igure 1 shows typical out 
i half-wave 
ic amplifier for a sinusoidal input 

Notice that the output l \ 
large, even for Motor 
torque in such circuits is produced by 
th difference 
ucce 


large 


put waveforms from mag 


net 
signal 
ZeETO input 


ilgebrai in average 
ssive half-wave 
is well as by their phase with respect 
to the servomotor reference phase 

It is common practice to produce a 
ervomotor’s reference phase voltag 
by shifting the servoamplifier’s carrier 
input through 90 deg. But there i 
ome phase shift through any mag 
etic amplifier, so that effective pha r 
of the amplifier output will no longer 
be at 
phase, and this technique 


iItage between 


to the motor reference 

will not 
torque. A 
motor 
ad 
yrk 
however, 


YU deg 


motor 
to 


produce maximum 
measure 
spring scale 
shifting 
iwkward, 


better technique is 
torque with a 
usting the 

procedure 1 


while 


phase netwe 











FIG 


reference signal 


2. New phase analyzer uses amplifier ¢ 
Phase dial is turned to get maximum reading on lator, 
ac meter and effective phase angle is read directly from dial n 


Phase of Distorted Signals 


Amplifiers, In 


oped which permits very simple, quich 
determinations of effective phase shift 
regardless of waveform distortion 
Figure 2 is a block diagram of the 
new phase analyzer. In operation, the 
witching demodulator 

half-cycles of the 


output voltage if 


vii hronou 
alternate 
amplifier 


invert di 
torted 
times determined by the positive-going 
zero point on the 
The reference voltage 
inalyzer must be the phase 


ised for the carrier input to the servo 


reverence 
for 


ine wave 
the 
ime 


ph ist 


implifier 

lhe effect of shifting the 
point of the demodulator i 
3. The angle @ in Figure 
id directly a i lead or lag angle 
dial the Lhe 
phase dial, easily adjusted to maximize 
the voltage reading on the rms-cali 
brated ac voltmeter, then 
reference signal phase shift which will 
produce maximum torque. Figure 4 
hows the waveform applied to th 
meter by the demodulator, with the 
meter reading maximized by shifting 
t for a tvpical 
magnetic amplifier wave form 

The phase shift 
used the phase 
unusual. Potentiometers 


ire ganged together 


switching 
illustrated 


in Figure 


from a on inalyzer 


reads the 


he reference sine wave, 


Figure 5 
malyzer is quite 
Rl and R2 
and R2 is center- 
Ihe in-phase and quadrature 
vary directly with the mechani- 
of the potentiometers 
0 deg the reference voltage 
in Figure 5B; at 90 deg 
ind at 180 deg, at a-d 
this vector follows the 
Figure 


circuit, 
in 


tappe d 
vector 
cal rotation 
Thus, at 
ctor 1s at a 
it is at a-b; 
The end of 


triangl in 
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Lclipse-Pioneer 


desions test set 


tor B-58 Hustler 


autopilot system... 


...and 
Vernistat* 


is there! 


Doesn't Vernistat thinking belong in your 


In this application, Vernistat thinking 
by Eclipse-Pioneer engineers helped 
solve a design problem with reduced 
equipment cost, system complexity, 
and design time. Cost was only a quar- 
ter of that of an alternative method 
utilizing conventional potentiometer, 
isolation amplifier, and d.c. power. 
Use of fewer components reduced 
system complexity, increased accuracy 
and reliability, and saved valuable 


® 
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design engineering man-hours. 

In servo systems, analog computers, 
and similar uses, you too can obtain 
such results with Vernistat a.c. poten- 
tiometers. With this new concept in 
relating shaft position to voltage, you 
get low output impedance (as low as 
15 ohms) with high input impedance 
(as high as 200,000 ohms), plus high 
resolution (to 0.004%), low phase 
shift (as low as 0.2 minutes), and high 








Sly and 
WS assembly 
1 Vernistat 


mber of signals 


to 


CONT ROL 
~ 
UNIT 


ASSEMBLY 


. 9 
system design too! 


linearity (to 0.01%). 

In addition to precision a.c. poten- 
tiometers, Vernistat products include 
function generators (adjustable non 
linear potentiometers), and variable 
ratio transformers. Military specifica 
tions are met by the wide selection of 
models available. 

Write today for complete details 
and specifications on Vernistat preci 
sion products. 


— a new design concept that unites in one compact device the best of both the 


precision autotransformer and the multiturn potentiometer. 


Perkin-Elmer (@yxiié. 
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vernistat 


766 Main Avenue, Norwalk, Conn. 
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Oven for computing resistors and 

capacitors receives up to. twelve drawers of 

components. Engineer points. to regulated outer 

a oven that pre-heats connecting wires to temperature 
of precisely-stabilized inner chamber. 





=) 





eeeeeeeeee eee eeeeeeeeeeeeeeeeeeeeeeneeeeeeeeeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


WHAT ANALOG COMPUTER USERS 
SHOULD KNOW ABOUT STATIC ACCURACY 


How to Evaluate 
Static Accuracy 


Static summing accuracy, being the foun- 
dation on which over-all computing preci- 
sion rests, deserves careful analysis by 
computer users. A single figure like “.01% 
accuracy” has little meaning unless supple- 
mented by less ambiguous statements. 
Fortunately, static error caused by modern 
high-gain, low-drift amplifiers is negligible; 
therefore, questions of static accuracy can 
be answered by discovering how well input 
and feedback resistors have been matched 
in order to produce resistance ratios of 
1:1, 10:1, etc. The following questions are 
pertinent. 


(1) Exactly how are resistors matched? 
Each with every other? Or each 
with a few others in a group? 


What is the matching error upon 
installation? 


How will environmental conditions 
such as temperature affect accu- 
racy? 


(4) Will accuracy deteriorate with age 
and use? If so, how much? 


(5) Will resistors added to expand ca- 
pacity at a later date match those 
initially installed? 


Let us examine these questions in greater 
detail 


Two Methods of 
Matching Resistors 


One method is to match resistors in groups 
of four or five—each to be used only in 
conjunction with one or more of the 
others, as input and feedback resistances 
for a certain amplifier. This method can 
provide sufficient accuracy, but computer 
capacity is unnecessarily limited because 
input resistors cannot be freely transferred 
from one amplifier to another as needed. 


An alternative is to match each resistor 
with every other in the computer, so that 
every element will be available for use 
wherever needed. The EASE computer 
people have accomplished this by calibrat- 
ing all computing resistors against a single 
master standard carefully maintained un- 
der laboratory conditions. 


The master standard is a group of 100K 
resistors specially-selected to deviate from 
a central value less than +2 PPM and 
guaranteed to differ no more than +15 
PPM from an absolute 100K value. 1M 
computing resistors are calibrated against 
the ten 100K resistors connected in series. 
100K resistors are calibrated against the 
average of the ten 100K standards so that 
the 10:1 ratio is free from the possible 
2 PPM deviation of the standards. 200K 
and 500K computing resistors are simi- 


larly calibrated against group averages to 
achieve exact 5:1 and 2:1 ratios respec- 
tively. Using these calibration practices, all 
computing resistors in an EASE 1100 
Series computer are initially adjusted to 
within 10 PPM of the ideal value. 


Effect of Temperature 
On Static Accuracy 


No static accuracy figure is meaningful 
unless accompanied by a statement of the 
environmental temperature range over 
which specified accuracy can be achieved. 
Because EASE computing resistors are 
installed in an oven maintained within 
t0.5° C of a constant temperature, resist- 
ance changes due to temperature are less 
than 15 PPM —this despite external tem- 
perature variation from 65° F to 110° F 
and line voltage changes from 105 to 130 
volts. 

Field tests have confirmed the effec- 
tiveness of this mode of calibration and 
temperature control. Figure 1 shows the 
distribution of 100K and 1M resistors in 
an operating computer. A fact worthy of 
emphasis is that measurements were made 
at the patchboard under actual operating 
conditions; consequently, all possible 
sources of error have been taken into 
account. With precision computing equip- 


| MEGOHM 
RESISTORS 


-SO -25 ° 25) «6+5O) + 75 
Devietion in PPM 


100 KILOHM 
RESISTORS 





60 -25 ° +250 «6+50) oe 75 
Deviction in PPw 


Figure 1. Distribution of all 100K and 1M 
resistors in 1100 Series computer used at 
EASE Los Angeles Computing Facility. 
All measurements made at the patchboard 
under actual operating conditions. 


Beckman: 


ment, only tests made under operating con- 
ditions are dependable because so many 
unpredictable factors such as slight con- 
nector contact resistance, wiring resistance 
and possible human errors in calibration 
can influence the theoretical result. Note 
that typical resistance deviation is about 

20 PPM and maximum deviation is 50 
PPM except for 1 delinquent out of 1000 
which has strayed to 60 PPM. 


Aging Effects 


The principal effect of age on resistors is 
to modify resistance values as heat stresses 
set up in manufacturing processes slowly 
decay. To forestall this effect EASE com- 
puting resistors are heat-cycled four times 
far above and far below operating temper- 
ature in order to remove heat stresses 
before calibration. 


Although no EASE 1100 Series com- 
puting resistors have been in service long 
enough to make a definitive report an sta- 
bility over a period of years, preliminary 
tests indicate very low drift. A group of 
computing resistors, kept at the EASE 
laboratory for long-term testing, show no 
greater individual deviation outside the 
original calibration tolerances than +15 
PPM over a period of six months. 


Will Later Expansion 
Atfect Accuracy? 


An analog computer user must give due 
weight to the possibility that an initial in- 
stallation may require expansion at a later 
date as new problems are encountered and 
new solution techniques developed. At 
that time it becomes important to obtain 
new resistors matching those originally in- 
stalled. Here also the use of a single master 
standard for calibration is advantageous. 
Provided the master standard has not 
drifted in value, new risistors can be cali- 
brated to match those in the computer as 
well as the initial set. 

Absolute drift of a few parts per million 
is difficult to detect with certainty, but all 
evidence indicates that the EASE standard 
has not drifted. None of ten basic resist- 
ance standards show detectable long-term 
drift over one year when compared with 
each other or when compared to other 
high-stability standards within the labora- 
tory. Since it is extremely improbable that 
these standards have all drifted the same 
amount and in the same direction, we infer 
that the absolute value is holding steady. 


FASE COMPUTERS 
Mfd. by Berkeley Division, 


Beckman Instruments, Inc. 
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“BANTAM” 500 SERIES 
VALVE 

Throttling “Bantam” Dia- ” ” 
phram Control Valves for all DEMI” PACKLESS 
standard control valve uses, Cv VALVE 
of 0.6 and below, up to 1000 
psi and 500°F, characterized, 
renewable trim, 316 stainless 
ma -" — only wetted 
surfaces, low in hysteresis size low ¢ : 
and weight, 2000 series ‘‘Ban- 3 4 o 408 on ane 
tam’ Control Valves available , °F, screw, toggle, 
for on-off service. or diaphragm oper- 
ated, the ‘DEMI" line 
is ideal for panel 
mounting up to five 
valves in one block. 


For services when 
packing is a problem, 
manifolding of small 
valves in one unit ot 


“MITE” 70 


Pneumatic signal monitor. Embodies safety 
trip-out with manual or remote pneumatic 
reset. 250 PS| maximum pressure with trip 
adjustment for lock-up or vent from 1 to 100 
PSI Standard materials blue anodized alumi- 
num. Other materials and models with integral 
two or three-way valves available 





“DEMI 54” 


5 Valve Manifold 
for integral mount- 
ing on cleanout ty 
Manometer. Pack- 
less design, 2 shut 
off valves, one by- 
poss valve, 2 vent 
valves. Other 3 or 
5 valve models avail- 
able with or without 
special manometer 
mounting 


— 


BLOCK VENT VALVE 


3 balanced valves, 2 
reverse acting and 1 di 
rect acting, actuated by 
one operator. With 0 to 
3 psi control air, the 2 
reverse acting valves are 
closed, center valve vent 
ed. At 6 psi contro! air, 
all valves closed. At 12 
to 15 psi, the 2 reverse 
acting valves are open 
and the vent valve is 


+ 


WHIFFLETREE 
OPERATOR 


Two valves oper 
ated simultaneously 


by 


one operator 


Valves may be globe 


three-way and 


have a multitude of 
piping arrangements 
‘ior mixing ond rout- 
ing applications. 


MANUAL 
RESET 


Wherever con- 
trol air on danger- 
out or toxic proc- 
ess flows must be 
blocked for safety, 
on air failure until 
manually reset, 
these valves insure 
against disaster. 
Standard sizes 4" 
and 2" I.P.S. 


t 


AIR OPERATED 
CONTROL VALVE 


Miniature diaphragm oper 
ated contro! valve. Barstock 
construction with bolted 
bonnet and blindhead. Con- 
nections from 4" to 1” 
NPT. Cv. from .001 to 10.0 
Direct or reverse acting 
operators for control ap 
plications. Extension bon 
nets for extreme tempera 
tures availat le. 


DIAPHRAGM OPERATED 3-WAY 
CONTROL VALVE 


CONSTANT VOLUME 
REGULATOR 


Fully automatic regula- 
tion provides constant 
volume — of gas 
or air regardless of fluc- 
tuating pressure drop. 
Capacity control by 
micrometer adjustment 
assures accuracy of de- 
sired output volume 
from 5.0 to 180 SCFH 
at pressure differentials 
from 1 to 25 PSI. Brass 
ody. 


THROTTLING 
CONTROL VALVES 
WITH TOP 
MOUNTED MOORE 
POSITIONER 


Compact, accurate and 
rugged. Light weight. 
Sizes from V4" to 1” 
NPT. Flanged connec- 
tions available. Bar 
stock bolted bonnet, 
blindhead and body. 
Cv. from .001 to 10.0 
with pressures to 1000 
PSI 


closed, allowing free 
flow through body.Design Aluminum diaphragm operator, stainless steel 
pressure 1800 psi. Teflon, body and trim, Teflon packing with Teflon seating 
Chevron packing. Teflon for tight shut off. Available up to 2", flanged or 
ae en ae a MINIMUM VOLUME MANIFOLD 

A compact manifold consisting of five pack 
less valves having .0006 cubic inches vol 
umetric displacement. Can be cam actuated 
for programming applications. Soldered, 
welded, tubing or NPT connections with 
applicable materials of manufacture for 
high temperature and high pressure service 


GEORGE W. DAKL COMPANY, INC. 26 ruptio street, eristot, R. |. 
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REPRESENTATIVES IN PRINCIPAL CITIES 
Write us for complete technical information, or 
for the address of our representative in your area. 
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LAMBDA’S ALL-TRANSISTOR LINE 


Delivered now + Guaranteed for five years 


FOUR NEW POWER SUPPLIES 


LAMBDA 
REGULATED POWER SUPPLY 


1-AMP and 2-AMP- CONVECTION COOLED 


No internal blowers - No moving parts 


0-32 VDC 
0-1 AMP 0-2 AMP 


e Ambient 50° C at full rating. e Compact. Only 3'2” panel height. 


@ High efficiency radiator heat sinks. e Short-circuit proof. 


@ Silicon rectifier @ Protected by magnetic circuit breakers. 
® 50-400 cycles input © Hermetically-sealed transformer. De- 


® Special, high-purity foil, long-life signed to MIL-T27A. 


electrolytics. 


Model LT 1095 
Modei LT 1095M (metered) 
Model LT 2095 
Model LT 2095M (metered) 


® All transistor. No tubes. 
Fast transient response. 
@ Excess ambient thermal protection. 


@ Excellent regulation. Low output impedance. 
Low ripple. 


e Remote sensing and DC vernier. 





CONDENSE 


Voitage Bands .. .0-8, 8-16, 16-24, 24-32 VDC 


Line Regulation ... Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For input variations 
from 105-125 VAC. 

Load Regulation Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For load variations 
from 0 to full load. 


AC Input ........ 105-125 VAC, 50-400 CPS 





D DATA 


Electrical Over- 
load Protection 


Thermal Over- 


load Protection . 


Magnetic circuit breaker, front panel 
mounted. Unit cannot be injured by short cir- 
cuit or overload. 


Thermostat, manual reset, rear of chassis. 
Thermal overload indicator light,front panel. 


342” Hx 19” Wx 14%" D 





Send for complete LAMBDA L.-T data. 


LAMBDA Electronics Co rp. 


11-11 131 STREET * COLLEGE POINT 56, NEW YORK 
Cabie Address: Lambdatron, New York 


INDEPENDENCE 1-8500 


CIRCLE 60 ON READER-SERVICE CARD 








VICTOR DIGIT-MATIC PRINTERS 





CHECK THESE 4 VICTOR ADVANTAGES 


Reliability: Examine the rugged construction of 

a Victor machine. Each part is conservatively 

Prove y over 16 000 000 designed to provide extended life and reliability 
/ / Wearing surfaces heat treated, cyanide hard 

ened to stand up under constant use. All steel 


e bd 4 e.° parts cadmium plated to prevent rusting 
printings without repairing, 


Immediate Service: Factory-trained servicemen 
(and parts) are on call in more than 725 cities 
coast to coast. 


° ° * 
adjusting or cleaning! Flexibility: At least 500,000 different combina- 


tions available, with speeds up to 33 characters 

per second. With Victor Digit-Matics you have 

The adding machine in the Digit-Matic has been tested your choice of listers, accumulators, or calcula- 

. . ae . . tors plus an almost infinite number of other 

with over 16,000,000 continuous printings, with no fail- variations ranging from electrical noise filters to 
ure, no service other than periodic oiling. Forty years upside-down printing. 


of experience in producing 1,500,000 adding machines Fast Delivery, Low Price: Because of Victor's con- 
as well as precision instruments such as the Norden tinuous high volume of adding machine produc- 
Bombsight—has given Victor Adding Machine Co. out- tion, we can ship almost any quantity of Digit- 

‘ . : é : Matics—built specifically to your order—within 
standing qualifications for producing rugged and reli- 30 days. Victor Digit-Matics, from only $425.00, 
able digital printers. are the value buy in the digital printer field 


VICTOR SERIAL ENTRY DIGIT-MATIC PRINTER 


10 Digit solenoids. Digits are entered in sequence with 
most significant digit first. Accepts digits at a rate up 
to 20 per second. Print cycle: listers 0.27 seconds; ac- 
cumulators 0.35 seconds. Available in up to 11 column 
entry capacity. 


COIL DATA 


Voltage 21-28V0C 42-54V 0C 
Resistance, ohms 
Digit solenoid 25.5 75.0 
+ of Print solenoid 25.5 75.0 
Minimum on time, seconds 02 .02 


Maximum on time, seconds 05 05 
(continuous printing) 


Minimum off time between digits—all seria! entry machines 


seconds. 


VICTOR PARALLEL ENTRY DIGIT-MATIC PRINTER 


All digits 1 through 9 of each column equipped with 
solenoids. Digit and print command solenoids may be 
simultaneously energized. Print cycle listers 0.30 
seconds; accumulators 0.35 seconds. Available in up 
to 10 columns entry capacity. 


COIL DATA 


Voltage 20-28V0C 35-56 DC 
Resistance, ohms 
Digit solenoid 17.6 
+ Print solenoid 17.6 
Print solenoid 17.6 
Minimum on time, seconds .020 
Maximum on time, seconds .050 
{continuous printing) 
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A few popular model variations: —columnar spacing; Write today! Victor's electronics-trained staff 
right side of machine accumulating and left side list- will gladly help you solve any digital printing 
ing data identification; Non-Add printing; Non- or calculating problem eee 
rinting adding; MIL-I-17623 Electrical Motor Write for technical manual No, 111 
oise elimination; Induction Motors; Manual Keys Electronics Division 
over the solenoids; “digit key depressed’’ switch 


(serial entry Digit-Matics); tag and label printing; VICTOR ADDING MACHINE CO. 
and all kinds of alphabetic and special types. 3900 N. Rockwell Street, Chicago 18, Ill. 
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PRECISION TACHOMETER 


e .16% Linearity 0-3600 RPM 

e .05% Output Voltage Tolerance at 3,000 RPM 
e 2V per thousand RPM voltage gradient 

e 15°C to 75°C temperature range 

e 0° + 6 minutes 3000 RPM phase shift 

© 10 mv max. null voltage 

e 3 mv max. in phasé axis error 

© 115V 400 cycle iuput, 8 watts 


e Size 20 illustrated (Type 20TG-6777-01.) Other 
sizes with similar or greater accuracies can be 
designed to your requirements. Write or call your 
nearest Oster office for further information today. 


Precision Tachometer 
Production Testing 


Burton Browne Advertising 


ynachro 


‘ rT . 
trains. AC drive 
»>mect ins ai } 
ictuator if 
14 emblic 


237 North Main Street 
NEW YORK Hempstead, L.I., New York NEW JERSEY aed eg ang 
Phone: IVanhoe 3-4653 rvington, New Jersey 
OFFICE TWX Hempstead N..Y. 705 CPMcs Phone: ESsex 3-2361 


actual size 
Type 20T G-6777-01 


MANUFACTURING CO. 
Your Rotating Equipment Speci 


Avionic Division 
Racine, Wisconsin 


5333 So. Sepulveda Bivd. 
WESTERN Culver City, California 
Phones: EXmont 1-5742 
orice TExes 0-1194 
TWX 5S. Mon 7671 


Interesting, varied work on designing transistor circuits and 
Engineers For Advanced Projects: servo mechanisms. Contact Mr. Robert Burns, Personnel 


Manager, in confidence. 
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Newest 


HONEYWELL MINIATURE RATE 


Typical M Series Gyro undergoes 2 


tion Test with no deterioratior 


Sensitive enough to detect 0.005 per second 


Model M-1 


shown actuol size 








DESCRIPTIVE DATA 


FULL SCALE RANGE: to 400 degrees per second 
THRESHOLD-RESOLUTION: 0.005 degrees per second 
LINEARITY: 0.1% to 2% depending on range 
DAMPING: 2 to 1 (or better) 

TEMPERATURE RANGE: ~ 65 to * 200 and * 250 F 
SHOCK AND ACCELERATION: 100 G 

VIBRATION: 20 G to 2000 cps 


PICKOFF: Variable Reluctance type providing infinite 


resolution and high signal-to-noise ratio 


MOTOR EXCITATION: 26 volts, 400 cps (standard) 
2 phase and 3 phase 


SIZE: 1” diameter, 2%" long 


WEIGHT: 4.5 ounces 
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Honeywell's newest miniature rate gyros, Type M Series, 
are rugged enough to withstand repeated shocks and linear ac- 
celerations up to 100 G yet sensitive enough to detect turn rates 
of only 0.005 degrees per second. A damping ratio variation of 
2 to | or better is maintained without heaters by a unique fluid 
damped, temperature compensated system that assures reliable 
operation over the entire operating temperature range 


Type M Series Gyros are specifically designed for autopilot 
damping, radar antenna stabilization and fire control applications 
Their small size, high performance and ruggedness suit them 
particularly for high performance military aircraft and guided 
missile applications. Write for Bulletin M to Minneapolis-Honey- 
well, Boston Division, Dept.24 40 Life Street, Boston 35, Mass. 


Honeywell 
HE) Mttng Pada. Group 
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BUILT TO MIL SPECS... 





one Brush Monitor records 
100 countdown operations 
simultaneously! 














Buiit to military specifications and performing to extremely rig- 
orous military requirements, the Brush Operations Monitor can prevent 
aborts and destructs costing millions of dollars. 


For quick, accurate and immediately visible go and no-go information, 
100 operations are recorded simultaneously on a 500’ moving chart only 
12’ wide. You have an immediate picture of an entire situation with each 
event shown in a time relationship to all other events. It is now being 
used for major check-out of propulsion systems, electrical test racks, 
fault isolation programmers and launch control vehicles. 


Brush is now in production on this Mil Operations Monitor and prompt 
delivery can be made to your requirements. Phone or wire Brush for 
complete information and application assistance. 


—__brush INSTRUMENTS) 


DIVISION OF 


3405 PERKINS AVENUE CLEVELAND 14, OHIO 








Combines 
Acceleration Switching 
Valves And Hydraulic 


“Printed Circuit" 


More reliable and responsive... this 
lightweight electro-hydraulic steerin 
control system converts low-level elec- 
tronic signals from the main guidance 
system into hydraulic energy which 
actuates the mechanisms steering the 
missile. 

Packaged as an integrated unit, the 
three servo valves and six control actu- 
ators are mounted on a common manifold 
and powered by fluid or hot gases. The 
simplified “printed circuit” system of 
integral passageways within the mani- 
fold eliminates all external plumbing 


and leakage. 

The acceleration switching servo 
valves provide positive control of spool 
velocity, thereby achieving greater reso- 
lution, reliability and response even at 
extreme temperatures, 

Easily installed and removed as a com- 
plete, interchangeable unit, acceptance 
testing of this compact system can be 
accomplished prior to missile installa- 
tion. Suggested applications are: missile 
surface controls, jetavator controls, and 
vector and nozzle steering controls. Your 
inquiries are invited. 


’ 


NEW AiResearch steering 
reotelaline) eygien® 


> Specifications 


{ctuator load (range) 90 1 


Electrical input 


Pressure range 
Rated flou 


Vounting 


External leakage 


Proof Pressure 


Burst Pressure 


Temperature operating rar 


Fluid 
Imbient 


System filtration 


(nominal) 


DC—10 Milliamperes 


100) to SOOU pu 


£500 pw 


7500 psi 


65°F to 450°h 
65°F to 750°F 


10 microns 


ENGINEERING REPRESENTATIVES 


COME (a 2 MID 


AiResearch Manufacturing Divisions 


Los 


AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


{ngeles 45, California + Phoenix, Arizona 


AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


Systems, Packages and Components fi 
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IMPROVED SWITCHING CHARACTERISTICS! 





DELCO HIGH POWER 
TRANSISTORS 
OFFER UNSURPASSED 
PERFORMANCE 
FOR HIGH VOLTAGE, 
HIGH POWER 
APPLICATIONS 


TYPICAL CHARACTERISTICS AT 25°C 





DT100 | DT80 |2N174A | 2N174 


Maximum Collector Current 





Maximum Collector Voltage 
(Emitter Open) 











Saturation Resistance 








Thermal Gradient 
(Junction to Mounting Base) 





Nominal Base Current 
Ie (Vec=2 volts, Ic=5 amps) 





Collector to Emitter Voltage (Min.) 
Shorted Base (ic=.3 amps) 





Collector to Emitter Voltage (Min.) 
Open Base (ic=.3 amps) 

















*Designed to meet MIL-T-19500/13A (Jan) 8 January 1958 





HERE IS ALINE OF TRANSISTORS SPECIALLY 
DESIGNED FOR SWITCHING APPLICATIONS. 


Check your switching requirements 
against the new characteristics of 
Delco High Power transistors. You 
will find improved collector to 
emitter voltage characteristics. 
You will find higher maximum 
current ratings—15 amperes. You 
will find that an extremely low sat- 
uration resistance has been retained. 


Another important improvement 
is the solid pin terminal. And, as 
always, diode voltage ratings are 
at the maximum rated temperature 
(95°C.) and voltage. 

Write today for engineering data 
on the new characteristics of all 
Delco High Power transistors. 


DELCO RADIO 


Division of General Motors + Kokomo, Indiana 


BRANCH OFFICES 


Newark, New Jersey Santa Monica. California 
1180 Raymond Boulevard 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 
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PLUG 
FOR 
ANALOG 














‘ qe th ht te Seer hail 





GAP/R 
MODE! 
bh. © K2- 


Mh Wl 





























FAST DC AMPLIFIER: Model K2-W is an effi SLOW DC AMPLIFIER: Model k2-P offers long SERRASSOID GENERATOR: Model 2-6 pro 
cient and foolproof high-gain operational unit for all term sub-millivolt stability, either by itself or in duces a fixed triangular wave of 100 V peak-peak, at 
feedback computations, fast and slow. A number of tandem with the K2-W. High-impedance chopper 500 kcps. Use it for quadratic rounding in diode 
special varieties are also modulated input. Filtered output to networks, and for many 


in quantity production ($24.00) drive balancing grid or follower ($60.00) other non-linear recreations ($29.00) 


PHILBRICK uses these octal plug-in modules, and many others like them in 
their standard computing instruments. They are tried and true, com- 


pact, convenient, and economical. You too can find profit and happiness 


with their help coerce eee esc c ee 8 o © cAll A2 Plug-ins run on plus and minu 


300 VDC and 6.3 VAC. Socket u ring 
is simple and standardized. Write for 
freely given opinions on your ap plication. 


The analog way is the model way ....... GEORGE A. PHILBRICK RESEARCHES, INC. 


285 H Columbus Ave., Boston 16, Massachusetts 
Visit us at the Eastern Joint Computer Conference—Booth #35 
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COMPUTER-DIRECTED PROCESS tem in which conventional fe 
CONTROL offers three operating modes. instantaneous regulation whib 


1utomatic trimming operation 


Built by Librascope and marketed by GPE Control ing and adjusting set-points a 
the Libratrol-500 proce control system permits control nit Operates « 1 115-volt, 
decisions at rates that match the proce tim mstant phi draw 3 amp exclusi 
Its basic building block consists of a highly reliable digita instrumentation, conversion, a l 
computer designed specifically for the mputation and plementary equipment.—GPE Controls, Inc., ( 


control requirements peculiar to industrial process« Circle No. 200 on reply card 


puter operat mi erial, single address, fixed bin 


with internally stored program 
As shown in the block diagram at the bottom 
page, the unit accommodates a wide variety of 
direct digital, and manual input data. The computer 
handles 200 31-bit words per sec. Inputs are scanned 
conditioned on command from the stored program, 
directs both computation and control system oper 
Drum storage capacity is 4,096 words. Computer o 
can include voltages to actuate control elem<¢ 
data for presentation to 
tape for storage or further analysi 
Flexible design of the unit provides for 
operating modes. As a data processor, the 
monitors the “‘on-stream” process, compile 
performs required computations, and present 
mation to an operator. As a computer-directed 
it calculates, on the basis of monitored data an 
logic, what the optimum set-points should be, and again 
presents this information to an operator. Finally, with th 


: | 
loop closed, it ser 1S an automatic pr mntrol 


operating personn 


| 


conver sion 
i 4 


| 
| 
Zz — 
| Volta 
| tb! to digital | 
| 
| 


| 
| Signo! | Input f ] Out put 

tal Nditioning | 5 t r tion 
Digita {conditioning | oy Digitol —-1 election | selectio 


rif tion } 
inputs ond and Verificatio | ond 


scanning control J contro! 


| 
Operator 
(manual 
inputs 


| 

| 

| f Process 
‘ Input selector — Memory f controls 
} ; L } l . 
| 
| 
| 


Digital | 


4 
clock 
me 
|_Librotrol -500 
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TRANS-SONICS 


atc. Tm, 


PLATINUM TEMPERATURE TRANSDUCERS 


for measurement, telemetry, and control 


@ TEMPERATURES FROM 


@ ACCURACIES TO 0.1 F. 


——f--—_. 


1300 Series 


Type 2135 


1350 Series Type 1321 


—425 TO ~* 1832 F. 


® 5 VOLT OUTPUT 





Cement-On Type 1375 





Weld-On Type 1376 


@ PRECISION CALIBRATION 


@ HIGH RESPONSE SPEED 


BULB TYPE for corrosive gases and liquids 


1300 Series transducers are available in 
ranges from —400 F to 1832F, feature 
1% accuracy, stainless-steel construction, 
and a time constant of less than 2.5 sec- 
onds in agitated liquid. Many standard and 
special bulb lengths are available 


Type 2135 has +0.25 F accuracy and in 
terchangeability over a range of 0 to 

125 F. The platinum element is enclosed 
in a nickel-plated bulb, and the unit will 
withstand a working pressure of 4500 psi 


OPEN TYPE for non-corrosive gases and liquids 


1350 Series transducers are available in 
ranges from —300 F to +600 F, with an 
accuracy of +1% full scale. The platinum 
sensing element comes in direct contact 
with the gas or liquid being measured, re- 
sulting in a typical response time of 0.2 
second in agitated liquid 


Type 1321 is designed for extreme low 
temperature measurements, with special 
calibrations to 425 F. Operating inter- 
val is 30 F in ranges up to +250 F, with 

1% accuracy. A perforated shield pro- 
tects the platinum sensing element from 
high flow rates. 


SURFACE TYPE for all kinds of surfaces 


These platinum temperature transducers 
can be installed by a variety of methods 
on any surface... . flat or curved, metallic 
or non-metallic. The following types are 
available in ranges from 400 F to 

1850 F: Cement-On, Weld-On, Tape- 
On, Thermopaper, Sub-Surface, and Sur- 
face Transferable. 


A five-point resistance-temperature calibration certificate at 0, %4, 2, %4, and 
full scale temperature is supplied with each transducer. Custom designs for all 


temperature transducers are 


available on special order with accuracies to 


0.1 F. Write to Trans-Sonics, Inc., Dept. 11,, Burlington, Mass. for Condensed 
Catalog on Platinum Temperature Transducers. 


TRANS-SONICS 


Precision Vansducons 
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DATA HANDLING 
& DISPLAY 


LOW-COST TAPE PUNCH 


Designed for cither 

mounting ina varict 

ind communication 

motonzed tape pur 

paper tape up to | in 

on demand at speed 

punching as many a gl 
information. The unit 

6 bv ll by 33 In. and ts for ju 
3295 Precision Specialt Inc., Kan 
is Citv, Mo 


Circle No. 201 on reply card 


PAPE TRANSPOR'! 


\ fully-transistorized t 

tem, Model 424 
ind reproduces anal 
!'wo independent cap 
tart-stop times of |] 
permit tape to opera 
rection at peeds betw 
ip Features includ 
truction, moderate 
tion, and storage bins f 
tape D.G.C. Hare ¢ 
Conn 
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CHECKS TAPES 
Pictured is the Me 
Verifier, a new conc 
preparation of paper t 
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‘yr e : cM Oey 
cher, are in the instrumentation field, but even 


an yield a wealth of significant data. The road to the future is paved with satellites and along that 


ee * / . . . * . . . ~ 
road The Decker Corporation will provide the scientific aids—instruments for science and industry—-to interpret 


the assault on the Space Frontier. With instruments a satellite becomes a probe, a venturing explorer testing the 
very nature of space where man dare not venture today. Satellites need only be as distant as your finger tips. With 


the push of a button we can have information cascade to the earth. On earth and in space our instruments 


provide the essential extension of the human brain. THE DECKER CORPORATION 


— 


= - — 


Baia Cy 








throw away... 


your pencils 


your log sheets 
your strip charts — 


REDUCE COSTS 


by using a... 


DIGITAL 
RECORDING 
SYSTEM :1350 


IMMEDIATE DELIVERY COMPLETE 


Eliminate Tedious and Erroneous Manual Logging of Recorder 
Readings ... Transcribing Strip or Circular Chart Recordings 


The DATEX K-120 Digital Recording System provides fully 
automatic or on demand digital recording on adding 
machine tape from self-balancing potentiometers, strip 
cal e chart recorders, or shaft input. The K-120, consisting of 
* Accuracy: +0.1% hollow-shaft type shaft position-to-digital encoder, a con- 
trol chassis, and a DATEX-MONROE printer’, is supplied 
» Range: 000 to 999 as a ready-to-operate unit, complete with interconnec- 
e Speed: 2 readings/sec py Fong hardware. Normal installation takes less than 
Designed to operate with many types of recorders made 
5 Complete with by L & N, Bristol, and Honeywell... provides readout of 
mounting hardware ... position information from any shaft input. No gearing 
ready to operate. necessary between the encoder and instrument drive. The 
encoder will not affect the performance, response, or 
accuracy of the recorder. Over 100 encoder disc-patterns 
available. Translates shaft position up to 3 decimal digits 
(0-999), and provides a large number of non-linear cali- 

brations for CuCn, I-C, and CrA!l thermocouples. 

Write for full detailed 


information to... *The K-120 utilizes the new DATEX-MONROE 
printer —first year’s service and maintenance pro- 
vided at no extra charge by your local Monroe office 


CORPOHK ATION 
1307 S. MYRTLE AVENUE +» MONROVIA, CALIFORNIA + ELLIOTT 9-5381 
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NEW PRODUCTS 


erations, a tape can be punched and 
verified from the 10-key (plus special 
character) keyboard. During the 
checking operation, the keyboard 
locks if the key depressed and the tape 
in the verifier do not agree. If the key- 
board is correct an override switch per- 
mits the operator to punch the cor- 
rect digit; if the tape is correct, a re- 
et button allows him to try again. 

Digital Service Labs, Torrance, Calif. 


Circle No. 203 on reply card 
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204) An all-electronic digital volt- 
meter by Electronic Associates, Inc., 
Long Branch, N. J., features transis- 
torized circuitry for maximum read- 
bility and long life 205) Beckman 
Instruments, Inc., Fullerton, Calif., 
offers the Beckman IR-7, a new prism- 
grating infrared spectrophotometer for 
molecular structure studies as well as 
routine quality contr ol applications 
206) Jointly eloped by Davis 
Instrument, New -~ N. J., and Green- 
brier Instrument, Ronceverte, W. Va., 
the Chroma-Cat chromatographic ana- 
lyzer contains a highly-sensitive cata 
lytic combustion cell in a system using 
lir aS a carrier ga 207) A new 
null-balance strip chart recorder-con- 
troller, recently announced by General 
Electric Co., West Lynn, Mass., pro- 
ides continuous standardization and 

vailable in potentiometer or bridge 

rsion 


Circle No. 204, 205, 206 or 207 
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RESEARCH, TEST 
& DEVELOPMENT 


DESIGN AID 


The ESIAC, a new analog computer 
for calculating and plotting values of 
algebraic functions of a complex vari- 
able, suits a wide variety of engineer- 





JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





EIGHTEEN TRANSDUCTORS 
LED THE BIG PARADE! 


Some strip-plating friends of ours had to control 
currents flowing to eighteen anodes. To regulate the 
plating thickness, they had to sum the individual 
large (up to 7500 amperes d-c) currents, without 
interfering with the accurate metering; 
individually. Were they ever pleased to find 
of their eighteen CONTROL transduct 
never wear out) would eliminate special 
and would also drive a heavy duty ove. 


contribute its share of power to an 


zy of each one 


transformer ...and permit instrumentat 

to be carried great distances to switchboar 
with proper safety isolation and no | 

The 4 said we could tell you, if you 
formation, that the y did away u it} 


more de tails ? 


A TRANSDUCTOR IS A TRANSDUCTOR | 
IS A TRANSDUCTOR Sf 


Truth is there are people who think we are saying “transducers” when we 
are saying “transductors.” ’Tisn’t so. Our CONTROL transductors are simple 
saturable reactors which (oh, joy!) never need maintenance. We connect 
two Orthonol cores in series opposition, and run the bus bar, whose current 
we want to measure, through them (giving us, essentially, a one-turn 
control winding). Don't even have to make a direct electrical connection 
and we wind up with enough output for instrumentation, and plenty left 
over for feedback control. Try that on a transducer som im Or a shunt- 
millivoltmeter, for that matter. Whatever you want m, you can 
tity u for full information fir f. 


HAVE TROUBLE WITH LIFE TESTS 


One of the fine technical magazines in which this Journal appears recently 
did a survey on reliability. They wrote us and asked how long our CONTROI 
transductors would last under certain conditions. It was sort of 

ing. How can you run a life test on something that won’t wear 

ee, our transductors have no moving parts, no filaments to burn out, h 
ing to replace or maintain. Bury them in the ground or install them in the 
corrosive atmosphere of a chlorine plant—it makes no difference. We told 
the editor what our problem was, and he said, “‘Hmmmam, I see.”” Now we're 
waiting to see what he’s going to say about this remarkable step forward 
in reliability. Jf you have to measure or record from 200 to 10,000 an pere 
with isolated meters, there's a world of information awaiting ) 


And it may give your maintenance mana break, too! 


Reliability begins with CON TROL, 


x 
A DIVISION OF MAGNETICS. INC 


Dept. CE-53, BUTLER, PENNSYLVANIA 
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10 Chopper Stabilized 


printed circuit 
amplifiers 


Built-in 0.1% 
null voltmeter 


Repetitive or 
continuous operation 


Choice of 0.1% or 
1.0% computing 
components 


anew Desktop Computer 


WITH 


CHOPPER STABILIZED 
AMPLIFIERS 


Donner’s new 3400 analog computer combines high accuracy, 


flexibility, an 


d economy. From its inception, design philosophy 


dictated the creation of a computer whose performance com- 
pared favorably with larger and more expensive equipment. 


Model 3101 plug-in amplifier: dc gain 
in excess of 50 million; maximum 
offset of a unity inverter, less than 
200 ywv/day; drift of unity integra- 
tor, less than 100 yv/sec; phase 
shift of unity inverter, less than 0.5 
degrees at 1 kc. These amplifiers 
are also available for separate sale. 


A complete Model 3400 consists of 10 chopper 
stabilized amplifiers, built-in null voltmeter and 
cyclic reset generator, 5 initial condition power 
supplies and supporting control and metering 
circuitry. Price of the basic Model 3400 is $2,190. 
The Model 3430 Removable Problem Board seils 
for $95. The purchaser can buy either 0.1% or 
1.0% passive plug-in computing components ac- 
cording to the requirements of his problems. Two 
or more 3400's can be slaved together and opera- 
ted from any one computer. Standard companion 
non-linear equipment such as function generators, 
and multipliers is available for operation with 
the 3400. 


Donner engineering representatives are located 
in principal areas throughout the western world 
Your nearest representative will be happy to ar- 
range a demonstration. For the name of your 
nearest representative and complete technical 
information on the new Donner 3400, please 
address Dept. 081L 


DONNER 


CONCORD, CALIFORNIA 
Phone MUlberry 2-6161 © Cable “DONNER” 
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ing applications: servomechanisms de 

sign, analysis of electromechanical and 
clectro-acoustical devices, network syn 
thesis, and other problems requiring 
the solution of Laplace transforms of 
linear differential equations. In_ fre 
quency response analysis, the unit 
scans the real frequency axis, plotting 
function of fre 

quency, and viclds measures of Ss 

tem stability such as QO, phase margin, 


gain or phase as a 


gain margin, and attenuation rate 


Klectro Measurements, In 
Circle No. 208 on reply card 


RELAY TEST SEI 


Unit shown checks up t 

imultaneously for normal 
time, saturate release time, or release 
time after predetermined heating. A 
built-in variable 
vides energizing voltag: 
adjustable 
range. Set operates from a 115-volt, 
60-cycle supply. Standard test panel 
takes seven-pin miniature relays 


oper ite 


powe! upply pro 
ontinuously 


OVCT i 2.5-to-2 30-volt 


with 
either plug-in pins or hooked solder 
terminals.—G-V Controls, Inc., East 
Orange, N. J. 
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CHECKS ‘TRANSISTORS 


D« signe d 
time 


specifically for analyzing 


characteristi of high-speed 





Barden Precision SR3SSX8 bearings as us 


transmitter/receiver. 


BARDEN functional testing assures precision performance 


The SmoothRator, an electronic 
performance tester, was developed 
by Barden to check vibration as a 
measure of overall functional quality 
A standard quality contro! instru- 
ment at Barden, the SmoothRator 
is also used by many leading com- 


ponent and systems manufacturers, 


Precision-built synchros require small, uni- 
form air gaps and consistently low torque to 
provide accurate response to a generated 
signal. 


Barden Precision low torque bearings assure 
the required air gap by close control of radial 
play and concentricity. The SR3SSX8 has an 
extra large O.D. which eliminates the need 
for end caps, increasing air gap accuracy and 
reducing synchro complexity and cost. 


From research and design, through quality 
controlled production, functional testing and 
application engineering each Barden Precision 
bearing is planned for performance. Barden 
Precision means not only dimensional ac- 


curacy but performance to match the de- 
mands of the application 


Barden Precision bearings must pass rigid 
functional tests on the SmoothRator, the 
Torkintegrator and other Barden-developed 
or standard test devices. This functional test- 
ing is yOur assurance Of consistent precision 
performance. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature or high speed. For less 
difficult applications, Barden predictable per- 
formance can cut your rejection rates and 
teardown costs. 


THE BARDEN corporation 


49 East Franklin Street, Danbury, Connecticut 


Western office: 3850 Wilshire Boulevard, Los Angeles 5, California 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR: INSTRUMENTS © AIRCRAFT ACCESSORIES © COMPUTERS AND RECORDERS © MACHINE TOOL AND TEXTILE SPINDLES * OTHER PRECISION APPLICATIONS 
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OFF-NORMAL CONDITIONS 
EPORTED and RECORDED 


‘ ~ : 
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NEW PANELLIT RECORDING 
ANNUNCIATOR UNCOVERS PROFIT LEAKS 


@ Pinpoints temperature, flow, pressure and level process trouble 
areas by accurately, instantly recording off-normal operations. 

@ Permanent, unalterable statistical data helps prevent downtime 
repetition. 


@ No time-wasting decoding. Directly readable digital form. 


Typical power station application: The exact time period of 
steam stop valve closure, generator circuit breakers and over- 
speed trip resets is permanently recorded, providing advance 
notice of sluggish functioning and permitting immediate pre- 
ventive action. 


Model RA helps attain highest quality products by continuously 


monitoring all process variables. Also helps reduce downtime, 
maintenance and operating costs in your plant. 


Write for Bulletin 102 today. 


PANELLIT, INC. 


7401 No. Hamlin Ave., Skokie, Hl. 
® 
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transistors, this instrument will meas- 
ure switching time on the leading or 
trailing edge of an output pulse with 
an error of 3 psec in th to-100 a 
range. In operation, an ¢ xtremely pre- 
cise driving pulse is applied to the 
transistor under test. By comparing 
its output pulse with a pulse having 
known characteristics, the unit con- 
verts time to a voltage whose ampli- 
tude is proportional to duration. This 
voltage is amplified and displayed on a 
meter.—Atronic Products, Inc., Bala- 
Cynwyd, Pa. 
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PLUS... 


211) Eder Engineering Co., Milwau 

kee, Wis., has announced a new pre- 
cision torque balance for measuring r 

actance and stall torques of precision 
gyro motors. .. . (212) To blanket the 

ficld of dc measurement, Keithley In- 
struments, Inc., Cleveland, Ohio, de- 
veloped the Model 600 portable elec- 
trometer, an instrument with 53 dif- 
ferent ranges . 213) The Model 
194 continuous-writing streak camera, 
produced by Beckman & Whitley, San 
Carlos, Calif., plot pace vs. time in 
the study of explosion hock-tube 
manifestations, and flash-tube and 
park-discharge phenomena. . 214) 
National Instrument Laboratories, 
Inc., Washington, D. C., recently in 

troduced a new line of self-contained, 
portable gas flowmeters for ficld-check- 
ing such things as other flowmeters, 
valve leakage, pump output, and flow 
controller action 


Circle No. 211, 212, 213 or 214 
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PRIMARY ELEMENTS 
& TRANSDUCER 


ONE-SHOT T’COUPLES 


An expendable immersion thermo- 
ouple has been designed for meas- 
uring temperatures in molten steel. 
(‘his one-shot item is said to be com- 
parable in cost with present methods 
since maintenance and contamination 
problems are eliminated and accuracy 
improved. Equipment consists of a 
length of pipe with a handle on one 
end and a fitting on the other to 
hold the expendable cartridgé The 
later is a refractory cylinder with con- 
tacts at the receptacle end and a 
sheathed thermocouple on the immer- 








This is a record of a missile component 
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WATER FLOW SYSTEM 
WATER FLOW PERFORMANCE TEST 
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Visicorder Record—actual +i 


Wyle Laboratories in El Segundo, California, have 
used a battery of four Visicorder consoles like the 
one shown (right) to run a series of tests on a vital 
missile componenr. In the Wyle test project, the 
unique Visicorder consoles are easy to operate. Most 
parameters are low frequency, requiring response on 
the order of 5 to 60 cycles. 
The two calibrator control panels in each Visi- 
corder console accommodate 10 plug-in balance and Tom Jackson, Wyle engincer, examines Visicorde ord 
matching units—designed to match tachometer gener The HONEYWELL VisicorDeR is the first high- 
ators, pressure transducers, thermocouples, expanded frequency, high-sensitivity direct recording oscil- 
scale voltmeters, etc., to the Heiland galvanometers. lograph. In laboratories and in the field every- 
Dick Johnson, Instrumentation Branch Head at where, instantly-readable Visicorder records are 
Wyle, says, “This system, I feel, is one of the most pointing the way to new advances in product de- 
efficient instrumentation consoles in operation. Set-up sign, rocketry, computing, control, nucleonics 
and calibration time has been reduced by the use of ...in any field where high speed variables are 
Visicorders by approximately 509%. This is due to the under study. 
simplicity of operation and trouble-free performance. To record high frequency variables—and 
There are no inking pens to clean, high-gain ampli- monitor them as they are recorded—use the Visi- 
fier maintenance, and so on, and we can also use corder Oscillograph. Call your nearest Minne- 
these consoles together to form systems of more than apolis- Honeywell Industrial Sales Office for a 
six channels.” demonstration. 


Honeywell 
| Qudutrial Products. Group 


| 
Nseccamecd 


Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado 
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New Adage Converters 


NEW PRODUCTS 


sion end. A _ sheet-steel cap which 
melts away in the molten steel pro 
vides protection before use and per 
mits the thermocouple to pass through 
slag and other floating solids befor 
being exposed Leed & Ne rthrup 
Co., Philadelphia, Pa. 


Circle No. 215 on reply card 


SILICONE DAMPED 


High transverse stiffn 
compensating | pring 
duces the cross-sensitivit 
1A2 accelerometer iz 
in a carefully selected 
provides a damping rati 
pansion chambers in the 
ate for volumetric cha 
mit an operating temperat 
minu 40 to 100 deg ¢ 





dual pots assures high | 

yutput. Life tests reveal that un 
withstand 10 million 1 

losing calibration.—Lind ¢ 


ton, N J 


Unlimited Versatility? — a large statement. But the facts Circle No. 216 on reply card 
back it up! Voldicon will translate inputs from any source 

into any storage device. 

Name your input: thermocouple, strain gage, telemetry 

data, analog computer (there are too many possibilities to 

list here) . .. Name your output: magnetic tape, tape 

punch, printer, digital compu- 

ter . . . Voldicon will handle 

any combination. Write for full 

Whatever your needs there is 
a Voldicon model designed to 
answer your problems... well 
within your budget. 


NEW VOLDICON FEATURES: 
© New Transistor Design 
© New Speed — up to 10,000 
separate conversions per second 
© New Accuracy and Reliability 


Technical 
Specifications 


COMPACT PICKUP 


Vey -... The Model S-40 dual-coi 
ae 265. reluctance pressure transdu 
INCORPORATED Sal OS signed for high stré 

~~ 


On combines low sensitivity te 
Department CE-11 292 Main Street F bration, and acceleratior 
Cambridge 42, Mass. time of approximately | 
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Time Delay Timere 























Interval Timers 





Re-Cycling Timers 


Timers for Automatic Control 
... Standard or Special? 


You'll get quick deliveries 
from Industrial Timer 


AFFILIATE—LINE ELECTRIC COMPANY 


INDUSTRIAL TIMER CORPORATION 


Pulse Beat of Industry ; 1419 McCARTER HIGHWAY, NEWARK 4, N. J. 


CIRCLE 77 ON READER-SERVICE CARD NOVEMBER 1958 








ri NEW PRODUCTS 
—S A oe Alls : ii 


solute, differential, and gage models 
are available in 11 ranges from 0.1 to 
5 psi. With input frequencies between 
400 cps and 40 ke, the S-40 gives ex 
ceptionally high output, e.g. 150 mv/v 
into a 1,500-ohm load. Standard op 
erating temperature range 1s minus 
85 to 240 deg F.—Ultradyne, Inc., Al- 
buquerque, N.M. 


Circle No. 217 on reply card 


zhi See 


218) A new flanged all-metal Bayard 
Alpert type ionization gage with either 
nonburnout iridium or double tung- 
sten filament is now available from 
Veeco Vacuum Corp., New Hyd 
Park, N. Y. .. . (219) The Dynisco 
PT 49 water-cooled pressure transducer, 
by Dynamic Instrument Co., Inc., 
Cambridge, Mass., has been designed 
NEW, LOW COST ANSWER TO pecifically for use in rocket research 
and has withstood continuous test 
temperatures in excess of 5,000 deg I 
th 3,9 ... (220) Schaevitz Engineering, Cam 
Over-Relayed den, N. J., announces a new rotary 
variable differential transformer for 
ingular position measurement 
industrial Cont i 221) The Pottermeter Co., Union, 
ro Ss N. J., has introduced a series of tur- 
bine-type meters for gas flow measur 
ments over a range from 0.035 cfm t 
30,000 cfms 
Smaller, requiring less operating power and Circle No. 218, 219, 220 or 221 
reasonably priced, Struthers-Dunn 219 Frame on reply cerd 
C/ Relays are a big aid to economizing complex 
a industrial panels that are often “over-relayed” 
©) with larger, more costly contactor-type con- 
£ trol units than are actually needed. CONTROLLERS, 
FRAME 219 Recapier. santiets of inetation inchede SWITCHES & RELAYS 
spacings of 4%” through air; 4” over surface, 
RELAYS and a minimum of 1500 volts AC dielectric 
test. Other features are long life (20 million 
Stock types are DPDT . : . : 
on octal plugs; and operations ); plastic covers for good mechan- 
DPDT plus two nor- ical protection and easy servicing with plug-in 
pe > nt construction. Contacts have 10 ampere cur- 
operating coils. rent carrying capacity. Plug and socket com- 
Dimensions are binations are the limiting factors on ratings. 


1%,” wide x 2% sd 


deep x 2%,” high ex- Struthers-Dunn Bulletin 2219 giving full 


clusive of octal plugs. details is available on request. 








STRUTHERS-DUNN, Inc. 


Pitman, N. J. 


POSITIONING SYSTEM 


Makers of the world’s largest selection of relay types Pictured is a new automatic point-to- 
point positioning system featuring 
simple dial-set analog programming. 

Sales Engineering Offices in: Atlanta « Boston + Buffalo + Chicago « Cincinnati Designed chiefly for automating short- 
Cleveland + Dallas + Dayton + Detroit » Kansas City + Los Angeles » Montreal « New rt : 
Orleans - New York « Pittsburgh + St. Louis « San Francisco « Seattle « Toronto run produc tion jobs, the system uses 
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New Electronic / *<os* 
Predetermining Counters 


These counters are ideal for batch control, 
sequential predetermining, or accurate length 
control in such applications as packaging, 
coil winding, slittling, stacking and material 
handling. 

A versatile group of transistorized elec- 
tronic predetermining counters designed par- 
ticularly for industrial applications. These 
units will operate at speeds up to 5,000 
counts per second, with automatic recycling 
at speeds up to 1,000 counts per second. A 
photohead to actuate the counter can be de 
signed to fit specific applications 

Units can be easily operated by non 
technical personnel. The preset quantity can 
be established quickly at any point within the 
range of the counter by means of the large 
selector knobs. Any number of decades can 
be furnished. 

Dual sets of presetting controls for sequen- 
tial predetermining, or accurate length con- 
trol in such applications can be furnished on 
request. 

rhis is your complete package for prede- 
termining counting at high speeds. 

Forcomplete detatls on these units, write today! 


Electro-Magnetic Counter 


These new compact panel-mounted high speed 
counters are ideal for D.C. applications requiring 
accuracy, long life at high speeds and small panel 
presentation. Counters are suitable for industrial 
data processing, laboratory and scientific or instru- 
ment applications. Available with four or six figures 
with remote electrical or manual (push button 
reset. 3,000 counts per minute recommended speed. 

Counters can be connected in series with any 
device having a contact arrangement. For optimum 
operation, 60% contact time is required. 
Panel Area: 4-figure Counter — 1.7” x 2.1” 

6-figure Counter 1.7” x 2.8” 
Available for 6, 12, 24, 48 and 115 volts D.C. 
operation. For A.C. operation suitable elec- oy 
trical components must be added externally. 
Reset voltages available are 6, 12, 24, 48, f . 
115 and 230. 2 
Write for complete specifications today! \ 
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Count-PAK /*sz 


Complete electronic counting package for u 
where high speed, long life and instant reset 
required. Highly suitable for high speed direct 
counting applications such as can and bottle count 
ing or case or piece counting on conveyor lines 

Consists of glow-transfer cold-cathode counting 
tube and high speed magnetic counter, coupled 
with transistorized circuits. Photohead designed t 
your application. 

The use of transistors means that heat h 
eliminated and no warm up time is required. Unit 
is completely enclosed in an attractive industrial 
case to insure long, trouble-free life. Use of an ele: 
tronic decade increases the life of the ele 
mechanical counter and makes the unit ideal 
continuous rugged operation. 

Write for complete specifications and pr 


as beer 


+. 


— NEW 


SERIES 1622 


High-Speed Predetermining Counter 


Ideal for high-speed counting requirements such as coil 
winding, textile spinning frames, and other predetermin- 
ing counter requirements. 

Instant quick-lever reset, plus quick and easy setting 
of the predetermined number are outstanding features of 
this counter. Measures approximately 2.6" wide, 5” long, 
2.8” high. Speeds up to 6,000 RPM or 8,000 CPM are 
maximums recommended. 

Easily preset to the required number of pieces or per- 
formance-units, the counter subtracts to zero. Resetting 
returns wheels to original preset number. This new 
counter meets standard U. S. electrical requirements 
JIC Codes) and is available with either electrical 
switch or mechanical stop. Also available without the 
predetermining feature, as a high speed reset revolution 
counter. 

Also available as a high-speed revolution counter with- 
out predetermining feature 

rite for complete information today! 


VP-Y-Yol-1 ad acolo) 


INCORPORATED 
HARTFORD 2, CONNECTICUT 


NOVEMBER 1958 





NEW PRODUCTS 


direct, uncoded programming for 1 
petitive and symmetrical motion pat 
terns. In operation, dial settings con 
trol high-performance electrohydraulic 
servos, which in turn position the tool 
involved. Servo systems provide an 
operating period of 0.2 sec per basi 
motion and an accuracy within 1 part 
in 1,000. Because of its analog input 
the system offers infinite adjustability 
for both longitudinal and _ transverse 
movements.—CDC Cont Service 
Inc., Hatboro, Pa 


Circle No. 222 on reply card 


4 . 
ay WET 3” low pressure gauges, Individually cali- DIFFERENTIAL 
brated, are checked against a precision standard, PRESSURE 


connections munca 


A 6” gauge for easy readout is also available - 


PRESSURE 
MEASUREMENTS 
WITH 
PRECISION 


W&T low pressure gauges bring 0.3% 
accuracy, rugged portability to your job 
Calibration checked and double-checked . . . so you know the 


gauge is right when you record a reading. And WAT pressure 
gauges stay accurate in spite of rough handling. You can use 


HAS MANUAL RESE1 


them right on the job—still have laboratory accuracy. Designed to comply with MIL-R-57 
. ; ind MIL-R-6106, thi 


22.28 pulse latching relay per 


millisec pulses and is availal for 
service: gauge pressure; differential pressure; vacuum determinations; or as compound ’ 
60-to-400-cvcle operation internally 


These gauges are in stock now. For information write Dept. A-122.28 


pressure-vacuum gauges with zero center; accuracy: 1 part in 300; sensitivity: 1 part rectified. T' mperature range is minu 
in 500; minimum range: 0 to 10 inches H20; maximum range: 0 to 400 inches H20; 65 to 125 deg ¢ Electro-Mechanical 
intermediate ranges of pressure or vacuum in any pressure equivalent are also available. Specialties Co., Los Angeles, Calif 
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WALLACE & TIERNAN INCORPORATED 





CHLORINATOR OR RECORDER — CONTROLLER 
SULFONATOR ~~ 


—OR.P CELL 


‘CYANIDE OR 
seaunae —, HARMLESS 


anon WASTE [inches 








An oxidation-reduction potential cell, monitoring treated waste WEIGHS ONE OUNCE 
I A : 
provides the signal for recording and controlling treatment 


, ; i Under 1 in. in diam and less than 
chemical quantities in a typical W&T waste treatment system. 


1% in. long, this lightweight pressure 


' witch operates on pressures between 
For Full information on = watt ace & TIERNAN INCORPORATED 25 and 1,000 psi and has an over 
Industrial Waste treat- 


, yressure rating to 3,000 psi. Switch 
ment write Dept. 1-66.28 SS HAIN Stee: HESS O. NEW JENeSY | 4 , 
tn Canada, Wallace & Tiernan, itd. — Terente use pdt contacts rated at 





amp, 
240 vac, provides a 4 in. NPT inlet 
| 
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RBM 


A highly efficient, 


SERIES 
128000 Potential 


dependab! 


r 


starting single phase « 
£ } 


motors, where use of centr 


is impractical. Normally cl 


disconnect start Capacitor from ¢ 


esired switching speed. Standa 


tact arrangement is single 


closed. Listed 


by U/L File N 


MEETS STRINGENT REQUIREMENTS OF COMPRESSOR, 
MOTOR, PUMP, A/R CONDITIONING MANUFACTURERS 


BENEF/TS 











EXTRA NORMALLY OPEN 
CONTACTS (SP08B) AVAILABLE 
FOR SEQUENCE STARTING 


ADJUSTMENT BY 
"FLUX SHUNT” /N 


MAGNETIC C/RCUIT 


oO) Efe 
Ln 


NO CURRENT 
COVER HELD FIRMLY CARRYING RIVETS 
BY 2 SCREWS 


AVA/LABLE W/TH 
SCREW OR QU/CK 
IN CONTACT CIRCUIT CONNECT TERMINALS 


a 


gs 
Jk 


VARIETY OF MOUNTING 
BRACKETS AVA/LABLE 





LARGE DOUBLE BREAK 
CONTACTS. POSITIVE BALANCED 


HAMMER BLOW ACT/ON 


GENERAL PURPOSE 
SHUNT TYPE RELAY 
SERIES 429000 


— 


> INCORPORATES AiL 


128000 FEATURES, EXCEPT 
OPERATING COILS ARE 
DESIGNED FOR STANDARD 
COMMERCIAL VOLTAGES. 
(OTHER COILS AVA/LABLE 
FOR SPECIAL APPLICATION), 
CONTACT RATING S /8 AMP 
AT 250 V. OR /HP-/25¥V. 
SINGLE PHASE; 2 H.P-250V. 
SINGLE PHASE . L/STEDBY 





) 


Yi, FILE NO. E-/2/89, 


Consult Your Local RBM Product Application Engineer or Write For Bulletin 1010A. 
RBM Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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it powers the 


fastest tape 
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CONTROL 
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NEW PRODUCTS 


opening, and operates in any position 
Alloy Bellows, In Cleveland, 
Ohio. 


Circle No. 224 on reply card 


yf tae 


1 


25) A pneumatic time delay 1 
which requires no extra vertical space 
has been added to its line of 10-amp 
relays by Clark Controller Co., Cleve 
land, Ohio 226) Automatic Tim- 
ing & Controls, Inc., King of Prussia 
Pa., has gone into quantity produ 
tion of the ‘Type 2782 proximity limit 
switch, a new unit capable of detect 
ing magnetic materials through a 
lit gap 227) General Electric Co., 
Schenectady, N. Y.. now has a tran 
torized photoelectric relay for hea 
duty industrial service 228) A 
brand new line of explosion-proof tim- 
ing controls, introduced by Industrial 
limer Corp., Newark, N. J., includ 

' 


ingle- and multi-cam types with up 


19 switches and time les from 4 


to 72 hour 229) Automatic 
Switch Co., Florham Park, N. J., off 


1 24-volt ac control center for 
ration of remote ntrol sw 


ywwer and lighting circu 


; 


Circle Nos. 225, 226, 227, 228, 
or 229 on reply card 


POWER SUPPLIES 


HIGHLY EFFICIENT 


\ brand new line of axial | 
ind motor sets feature 
chanical efficiencies of 92 pet 
volumetric efficiencies of 96 
Available in three series, th. 
overs both constant volume and vari 
ible volume types. Operating pressure 
of these units is 3,500 psi with inter 
tent overload to 4,500 psi. A shaft 
lriven, servo-replenishing pump pt 
ides supercharging, pressure contr 
ind forced circulation for cooling 
ilso supplies the closed circuit with 
oil required for normal operational 
lippage. Navy approved, the unit 
erve as power supplies in the hy 
draulic control of missile launching 
and handling devices, fire control s\ 





Genesis of a GENESYS System 


This Dynamic Memory Processor is a nucleus 
product creation of the Genesys Corporation 
No product has ever approached all of its 
performance capabilities. A unique building 
block of advanced Genesys Systems, it achieves 
seven giant steps forward in economic, reliable 
process control using 2 minimum of 
associated hardware: 

stores a vast amount of control capability 
on a simple, reliable memory surface 

monitors, stores, logs information of any 
process or fabrication system 

makes correlative decisions 

performs extensive computation 
in the memory 

. decides on “system optimization 
through learning logic 

. assumes direct control of actuators al 
power clements 

checks itself automatically for 


optimum reliability 


| 
' 
' 
+7 
; | 


| 
GENESYS CORPQRATION 


10131 National Boulevard ¢ Los Ahad 34 @ California 


ADVANCED CONTROL COMPUTER srs or the petroleuth, chemical and petrochemical industries 


on 
ee 


: 


, 
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WHICH BENDIX | Jos: 
| RANSIS t OR tems, and marine steering equipment. 
American Brake Shoe Co., Colum- 
: bus, O. 
ed G BEST | ‘A Circle No. 230 on reply card 
; a hie % 


TYPICAL OPERATION AND MAXIMUM RATINGS OF BENDIX GERMANIUM PNP POWER TRANSISTORS 


PRIMARY © 
APPLICATIONS MAXIMUM RATINGS TYPICAL OPERATIONS 











Col Thermal t ¢ 
lector | ,Co! Resist- | unc Coreen a Power 

Tet Push Power Voltage lector ance tion — cult | Output 

NUMBER . 3a 

Audio Pull Switch Supply . Current b Temp r " Gain 


Vdc 


> 
a 


°C/W Cc C db Watts 





2N234A 
2N235A 
2N235B 
2N236A 
2N236B 
2N285A 
2N399 
2N400 
2N401 
2N418 
24419 
2N420 
2N420A 
2N637 
2N637A 
2N637B 
2N638 
2N638A 
2N638B 
2N639 
2N639A 
2N639B 
2N1031 
2N1031A 
2N1031B 
2N1031C 
2N1032 
2N1032A 
2N1032B 
2N1032C 


30 
40 
40 
40 
40 
40 
40 
40 
40 


2.2 2 { 30 
2.2 0° | 0 33 
2.2 
2.0 


2.0 





9 
é 


2.2 
2.2 


5 
é 


2.2 100 


BUILT-IN PROVECTION 


Shown is one model 

es - portable, transistorized power up 

22 100 a plies. Units feature a patented pro 

22 100 ) : ’ tective circuit that cuts out the up 

20 | 100 ply within 30 psec after an external 
100 short occurs. The supply cannot be 

2.0 100 turned on again as long as the short 

20 100 persists. Characteristics below pertain 

to the unit shown, Model 1515 

* “ . Characteristics 

20 100 Voltage range: 1-15 vd 

20 100 Current range: 0-1.5 amp 

15 15 100 Regulation: within 0.05 percent 

15 15 | 100 0 125 Ripple: less than 250 ps 

15 1.5 100 - Response time: less than 50 psec 

15 15 100 0 250 Power Designs Inc., Richmond Hill, 

N. Y. 


15 15 100 0 15 
Circle No. 231 on reply card 
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a) Vce rating. Equivalent Vcb's are 20-50% higher. (b) Collector dissipation is the difference between the maximum junction temperature and the 
mounting base temperature divided by the thermal resistance. (c) hfe, AC current gain as noted with (*) All others represent hFE, DC current gain 
4) Square wave output power. (e) Push-pull output. (f) 2N1031, 2N1032 series have lugs 2N677, 2N678 series have straight pins 2N1029, 2N1030 
series have flying leads 


There is a Bendix power transistor to help you get the right 
power and gain on your job. When you buy Bendix you enjoy 
extra quality at no extra cost: low leakage, life stability, high 
breakdown voltage, low thermal resistance, and controlled 
temperature variation. Our volume production enables imme- 
diate delivery on most models. For details or help on circuitry 
problems, write: SEMICONDUCTOR PRODUCTS, BENDIX AVIATION 
CORPORATION, LONG BRANCH, NEW JERSEY. 
West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif 5 4-P( yt IND SI IPPI » 

Canadian Affiliate: Computing Devices of Canada, Ltd., P.O. Box 508, Ottawa 4, Ont 

export Sales & Service: Bendix International, 205 E. 42nd St., New York, 17, N.Y | his all transistor, | 2 vd powel sup 

ply is designed to save batteries in test 

equipment wherever line power is 

available. It handles any four instru- 

bey - 7-7 , a Di “Ce i” ments simultaneously without inter- 

Th, LvLsion action from common power-supply im- 

pedance. Four outputs on the front 
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Bailey f/b-LINE Differential Pressure Transmitter 
(Force Balance Mechanism) 


4 Bailey f/b-LINE Flow Transmitter (Force Balance Mechanism) 


Two new Bailey £42/VF Transmitters 


permit new accuracy in measuring flow and differential pressure 


Pneumatically transmits rate of flow—or differential pressure 
—measurements to indicating, recording, and/or controlling 
equipment at remote stations. Transmitters consist of a dia- 


phragm measuring mechanism and a force balance pneumatic 
transmitting unit. 


APPLICATION 


For steam, water, air, gases and other fluids producing dif- 
ferentials across primary elements from 0-2 in. H2O0 to 0-2000 
in. H2O at maximum service pressure of 50, 1500, and 5000 psig. 


FEATURES 

Transmits a Signal Directly Proportional to Rate of Flow. Uses 
receiver with uniformly-graduated chart or scale. Eliminates 
need for external square-root extractors or characterizers. 


10 to 1 Turndown. Differential range of each diaphragm 


measuring element may be changed by factor of 10 to 1; 
e.g., 0-20 in. H2O diaphragm may also measure 0-2 in. H20. 


Screwdriver Adjustments. K ange and zero adjustments readily 


accessible. Range may be changed with screwdriver adjustment 


Overpressure Protection. Protects against full service pressure 
applied to either side of diaphragm. 


Fast Response. No viscous dampers needed, so speed of re- 
sponse 1s very fast. 


Corrosion Resistant. For maximum differentials between 20 
and 2000” H20, all parts in contact with process fluid may be 
stainless steel. No sealing fluids or sealing diaphragm required. 


Good Stability. Reset type boosters give good stability with 
high gain. 


Versatile Mounting. May be mounted on process piping, wall, 
or separate mounting pipe using same bracket. 


For additional information, call your local Bailey District 
Office. or write direct. G46-1 


Instruments and controls for power and process 


BAILEY 


METER COMPANY 


1079 IVANHOE ROAD ° 


CLEVELAND 10, OHIO 


in Canada—Bailey Meter Company Limited, Montreal 
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panel are individually filtered, and an 
additional filter is provided for the 
power-supply proper. Unit measur 
6 by 8 by 64 in., uses printed circuitry 
and dependable miniature compo 
ents.—Consolidated Electrodyna 
Corp., Pasadena, Calif 


Circle No. 232 on reply card 


fo 


(233) Sila-Kon Engineering Co., f°! 
Monte, Calif., has a regulated dc power 
supply featuring transistorized circuit 
and a built-in adjustable overtoad p: 
tection system. . 234) A 0-to-15 
volt, 0-to-l-amp supply with less than 
1 mv mpple is now available from 
Kepco Laboratories, Inc., Flushin 
N. Y.... (235) General Electric Co 
Schenectady, N. Y., announces a line 
of adjustable speed drives in the 10 
200 hp range that use power amplistat 
regulation for long life and greater 1 
liability . (236) Another tubeless 
power supply, the Model RM-1A by 
Nutron Mfg. Co., Staten Island, N. Y., 
provides de and ac voltages, continu 
ously variable from }2 ] 
SIZE 11 RESOLVER current rating of | imp at amy tting 
REACHES NEW STANDARD Circle No. 233, 234, 235, or 236 


n repli rd 
OF ACCURACY aati 
0.03% TOTAL FUNCTIONAL ERROR 


ACTUATORS & 
FINAL CONTROL 
Missile guidance today requires more accurate ELEMENTS 


Function Generators, Data Transmitters and Phase Shifters. 
The DIEHL Size 11 Resolver is an answer to these problems. 
DIEHL engineering and exceptional manufacturing methods insure a 
uniformity of product with a great percentage of the total production 
well within the 0.03% Total Functional Error. DIEHL defines percentage 
of Total Functional Error (T.F.E.) as: theoretical sine minus Actual 
Reading divided by sine 90° multiplied by 100. 
A recent statistical check of one standard DIEHL resolver shows: 

74% with T.F.E. less than 0.020% 

22% with T.F.E. from 0.020% to 0.025% 

4% with T.F.E. from 0.025% to 0.03% 


This kind of quality eliminates the risk of culling special units from 
regular production. 


All DIEHL standard units are available within 10 days. We invite your 
inquiries. THIN SOLENOID VALVE 


Only 1 in. thick, 3 in. wide, and 


piel! ) DIEHL MANUFACTURING COMPANY Gi in, high, the $-3C'S_ solenoid 


Electrical Division of THE SINGER MANUFACTURING COMPANY operated valves mount in limited 


Finderne Plant, SOMERVILLE, N. J. space and are ideal for manifolding 
oss oe Photo shows five units arranged for 
er av comp nts: 


A.C. SERVOMOTORS * A.C. SERVOMOTORS WITH A.C. TACHOMETERS multiple operation. They are tapped 
A.C. SERVOMOTORS WITH D.C. TACHOMETERS * A.C. AND D.C. TACHOMETERS for 4 or 4 in. pipe connections and 
D.C. SERVO SETS . RESOLVERS are suitable for use with air or oil 

* A Trademark of DIEHL MANUFACTURING COMPANY at pressures to 125 psi and tempera- 
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NEW 
400 


cycle 
DEVR 


eliminates 
distortion 


NV NN TN Sf 
Ji wWwWwwe 


regulates 
voltage 


Distortion Eliminating Voltage Regulator responds to tran- 
sient surges and harmonics, as well as to normal variations 
caused by line and load changes. The Curtiss-Wright Model 
104 DEVR corrects for any deviations of up to 20% from 
pure sine wave, regardless of their nature, in less than 
125 microseconds. 

It provides the answer where line fluctuations or distortion 
cause inaccuracies and loss of engineering and production 
man-hours in the design and manufacture of electronic 
systems for aircraft and missiles. In servos and computers, 
and wherever summing operations are performed, the Model 
104 DEVR assures increased accuracy and stability. It is 
invaluable for standards laboratories and others where accu- 
racy of instrumentation is pushed to extremes; it also 
increases equipment life by eliminating surges. 

Write today for complete information. Price: $1875 f.o.b., 
Carlstadt, N. J. 

The DEVR is also available in 60 cps model. 


| + 14 KVA 


i 
58 S085 (2G eee ee 

Som S0n7 acon ai ‘aa 
came \av dom /ZBER REALE! Be 


SIMULTANEOUSLY AVAILABLE 


regulation +1% electronically 
response 125 microseconds 


distortion elimination to less than 0.3% 


regulation +1% electro-mechanically 
response 20 V/sec 


’ Oe BT Pai ie ig me ae ee oe 
pS LSP BRS RES 
cick eee ee rs Pe eke 


ELECTRONICS DIVISION 


CURTISS-WRIGHT=: 


CORPORATION + CARLSTADT, N. J. 
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torque low-inertia load. At 45 watt 


NEW PRODUCTS input and an adjusted air gap the 
unit will produce 5.5 oz-in. and follow 
a 50-cps pulse with low-inertia loads 
Where desired, the unit can be fur 
nished with special switches.—Globe 


Industries, Inc., Dayton, O 


Circle No. 238 on reply card 


tures to 150 deg. F. Ratings at 120 
psig air are 300 cpm continuous, 700 
cpm intermittent. Four through 
holes and a 1? in. sealed counterbore 
permit manifolding in any of four 
positions. Hunt Valve Co., Salem, 
Ohio. 


~Yy Circle No. 237 on reply card 


—A 


eT 


eyes for 
the silent service 


During her history-making voyage 

under the Polar icecap, the Nautilus, 

like all other submarines in the 

atomic fleet, carried two periscopes 

designed and manufactured by uate 

Kollmorgen. The high degree of 1 le control surface 

optical and mechanical skill required , welg ervo develoy 

to produce these periscopes can be i : ot lb thrust in conve rting 

drawn on to solve your remote view TAKES 40-DEG STEPS in precise relation t 

ing and inspection problems. For This new stepping m ining input Its transist 

literature, write Department 15N. 14 in. in diam by 14 in. long, provide hown, requir 

nine 40-deg steps per revolution. ‘Test of space 

KOLLMORGED‘ __ itiicates a life expectancy of 24 mil in. bets 

optical corporation lion steps. At 17.5 watts imput the 2° ju 
NORTHAMPTON, MASSACHUSETTS motor will produce 2.5 oz-in. of torqu 


»- } ] 
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Characteristics 


I ravel 13 in t 


Re peat ibility 
lrequency respor 
i ' 


Advanced Re 
Kensington, Md 
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‘Wisest Choice! apr 


PRESSURE 
TRANSDUCER 


BONDED STRAIN GAGE construction 
makes the Teledyne practically insensi- 
tive to vibration or shock. Measures gas 
and liquid pressures. Handles highly cor- 
rosive media including fuming NITRIC 
ACID. Easily disassembled for clean out 
and replacement of parts. Repeatability 
0.1%, Linearity 0.25%, Hysteresis 0.5%, 
Ambient Temperature -65° to +250° F. 
(18° to 121° C) 1 Millisecond Response. Con tes Geek with chend- 
Eleven Pressure Ranges 0-100 up to 0- ard indicators, recorders ‘ ONLY TWO MOVING PARTS 
10,000 PSIG. and controllers such as 4 
WRITE FOR LITERATURE this Bristol Series 565 £4 Pictured is brand 
it rle-stage, three 


TABER INSTRUMENT CORPORATION || B | hydraulic control 


\ ‘ CO onl 
Section 77 107 GOUNDRY ST., N. TONAWANDA, N. Y. ilve contains on 


Telephone: LUdlow 8900 © TWX-TON 277 | torque motor ari 


plate’ Because the 
contact with th 
2 | : high ensitivits 
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os 


VDP Differential 
Pressure 
Transmitter 


Bellows-type 
VP Pressure 
Transmitter 


V-5 Gouges 


Series 77S 


Final Drive 


3 
Diaphragm-type 
Angle Valve 


VC Controller Type “A” 


NOW- 
Control In Any Dimension 


with standard Republic components 


Control Station 





In order to fit your exact process 
control requirements, Republic now 
offers you a complete range of basic 
control components, which are 
(1) extremely accurate, (2) unusually 
versatile and (3) remarkably easy to 
combine into control systems. 


For example: The differential pres- 
sure transmitter and controller illus- 
trated are part of a new family of 
pneumatic instruments, developed to 
use the greatest possible number of 
common components. Because these 
Vector Series components can be in- 
terchanged—even among instru- 
ments performing entirely different 
functions — training and parts inven- 
tory are greatly simplified. 


Radical changes in plant operating 
conditions present no problem when 
Vector instruments are used. Propor- 
tional band of the controller, for 
instance, is continuously adjustable 
from 2 to 500 per cent; the differen- 
tial pressure transmitter has a range 
adjustment of 20 to 1, the pressure 
transmitter of as much as 10 to 1. 
Such adjustments are made simply 
by moving a link held by a lock 
screw. Re-zeroing is seldom needed. 


Multi-point gauges with self- 
contained measuring elements are 
available for pressure, vacuum and 


differential. May also be used as 
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Flow, Pressure 
ond 
Temperature Recorder 


receivers to indicate flow, CQ:, tem- 
perature or liquid level. Units may 
be grouped in any combination and 
substituted without disturbing other 
gauges. One- to four-pen recorders 
also available to measure these 


values. 


Versatile Republic final drive units 
operate dampers, valves, inlet vanes 
and many other mechanisms. May 
be locally or remote controlled, by 
manual or automatic means. Pro- 
portionality of signal response can 
be tailored by a cam shaped on 
the job. 


These are only a few of the many 
reasons why it is well worth while to 
consider versatile Republic compo- 
nents for your next (or existing!) 
control system. Your nearest 
Republic Sales Office will be de- 
lighted to assist . . . or contact 
Repuxviic Flow Meters Company, 
2240 Diversey Parkway, Chicago 47, 
Illinois. In Canada: Republic Flow 
Meters Canada, Ltd., Toronto. (Sub- 
sidiary of Rockwell Manufacturing 
Company) 


REPUBLIC INSTRUMENTS 
AND CONTROLS 


ROCKWELL © 





NOVEMBER 1958 








| ee 
global vision 
Accurate, detailed viewing under 
adverse conditions on land, in the 
air and under the sea presents spe- 
cial problems. Kollmorgen observa- 
tion systems, some incorporating 
television or special photographic 
equipment and measuring devices 
are solving these problems in in 
dustry and defense. For literature, 
write to Department 25-N. 


KBROLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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while eliminating _ sticking, 
and jamming. 
Characteristics: 

Flow rate: 4 gpm at 250-psi drop and 
8 gpm at 1,000-psi drop 

Supply pressure: to 3,000 psi 

forque motor force: 11 lb-min at mid 
position 

Power demand: 5 watts max 

Stroke: plus or minus 0.015 in 

—The Ojilgear Co., Milwaukee, Wis 
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scoring, 


PRAIO, «.s.< 


(241)The Galland-Henning Nopak 
Div., Milwaukee, Wis., recently an 
nounced the addition of six models 
and additional bore sizes to its line 
of 3,000-psi, Class 3, square-head hy- 
draulic cylinders. . . . (242) The Type 
1000 control valve, offered by Uniflow 
Valve Corp., Cranford, N. J., features 
a new springless-diaphragm motor op 
erator using pre-formed Buna-N-Nylon 
diaphragms 243) Hoover Electric 
Co., Columbus, Ohio, has developed 
a lightweight 1-hp 

cycle, 208-volt, thre 
for missile 


22,000-rpm, 400 
phase ac motor 
Ipphi ition 

Circle Nos. 241, 242, or 243, 


on reply card 


WAUGH ENGINEERING COMPANY 


proudly announces 


THE N 
FF SERIES TURBINE 


‘The’ FF-Series Turbine Flow Sensors r 


SENSORS 


@ major advance 


-in the art of flow measureme 
retical investigation into the jamentals 
| 


‘sors, together with entire 


sensor. Offejm unlimited 


~ For additional if 
__ please request Bulletin 409. 


ENGINEERING COMPANY 
FLOW MEASUREMENT AND CONTROL 





LINEAR 
PY of of 3 oe), | ag 


RELIABILITY 
AND ACCURACY AT 
-6S° F 
TO +200° F 


INSTRUMENTS, INC 


7842 Burnet Avenue, Von Nuys, California — STanley 3-1055 
| 12401 W. Olympic Blud., Los Angeles, Calif 
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SANBORN 


FOR LINEAR MEASUREMENTS... 


NEW! 


Ue CER 
COMPACEMENT TRANSDU 


yses 


; style, 


” e* 
Prob ais cable 


former. 

connection ” Rers 

Carriet Ampline’™ 
ensitivity: 


different 


ond 
15 


Transducers 





DISPLACEMENT 
LINEARSYN Differential Transformers 


Six series of Sanborn Linearsyns three 
of the shielded type, three unshielded 
are available, with five models in each Typical Linearsyn Characteristics 
series. Linearity is better than 1% of full 
scale output in all models. Temperature 
range is from —50° to 205°F 

Special design features include coil assem- 
blies hermetically sealed in epoxy, lami- 
nated phenolic jackets (unshielded types) 
or heavy plated steel jackets (shielded 
types), improved lead wire strain relief, 
high permeability alloy cores. Models with 
axial leads are also available on special 
order. Within each series all models have 
identical diameters, tap sizes, lead wires; 
only the lengths of coil assemblies and 
cores vary. 








VELOCITY 


LVsyn Velocity Transducers 


LVsyn pickups may be used to measure 
linear velocity directly, displacement with a 
simple integrating circuit, or acceleration 
with a differentiating circuit. There are 
twenty-four models, all self-generating Typical LVsyn Characteristics 
with shielded cylindrical coil assemblies Siastacement 
and high coercive force permanent mag- ominai  Masimum 
nets. Twelve models use regular magnet ong coke 
cores; twelve have non-breakable magnet 
cores. Characteristics of the two groups 
are the same except for output sensitivity, 
core length and weight. Features include Si GR 
high sensitivity, single-ended or push-pull minimum. approximate m 
output, accurate and stable calibration, reed yan Eg nd 
unlimited resolution, wide range of sensi- oe Gee Se 
tivities and sizes, temperature range of 
50° to 200°F. They can be immersed in 
hydraulic fluid. No mechanical connec- 
tion between coil and core permits low 
friction level. End stops or displacement 
limits not needed; undamaged if limits 
are extended. 





. for MULTI-CHANNEL RECORDING 
jal trans | 


adapter for 


0, 350 Series Sanborn direct writing systems now include 1- to 8-channel 150" Series, with ao choice of 
‘ 9.070", 12 plug-in Preamplifiers; new single-cabinet, compact 6- and 8-channe! “350” and ‘850°’ 
Series with interchangeable Preamplifiers, flush-front recorder with electrical pushbutton 
chart speed control and transistorized Power Amplifiers, and numerous features for high 
reliability and operating convenience. 

For complete facts, call your local Sanborn Industrial Sales-Engineering Representative or 

write the Industrial Division in Waltham. 
(All date subject to change without notice 


SANBORN COMPANY 


Industrial Division 
175 Wyman Street, Waitham 54, Mass. 
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COMPONENT 
PARTS 


eyeway 
to a hot cell 


A number of reactors——including the 
newest commercial one at Shipping- HIGH-OUTPUT AMPLIFIER 
port--use KOC periscopes for un- 

derwater inspection of fuel elements Longest dimension of this rugged, 
These devices are dramatic demon- miniature rf amplifier is only 54 in 
strations of Kollmorgen’s ability Designed to increase ignal powe! 
to solve remote viewing problems in the telemetering band, it deliver 
through a skillful combination of from 10 to 100 watts of rf 
optical and mechanical knowledge. with 
For literature, write to Dept. 35N 


powce! 
2 watts of drive and can be 
used with most fm transmitters. Fea 
tures include exceptional reliabilit: 
KBKOLILMORGEN in adverse environments of shock, 
optical corporation vibration, and temperature, and a self 
NORTHAMPTON, MASSACHUSETTS contained cooling svstem. According 
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VARIABLE POWER SUPPLY 
NEW 


Che LAE-PACK 


PRECISION UNIT 


Just look at the features... 


Input: 110V @ 50 Cy. © Perfect for... 
Variable Output ee age laboratories 
0-130VAC @1A wwthow 
0 - 125¥ DC A Experimental design 
uG I Home Hobbyist 
Bridge Rectifier Model Railroads 
Sturdy Metal Case or whatever variable 
Pilot Light AC or DC up to 
On-Off Switch 1 ampere is required F.O.B. So. Beloit, ii! 
n-UN OWihtc Metering, filtering and other 
Test leads included accessories available at 
© Completely fused additional cost. 


ELECTROL SPECIALTIES CO. IeaeehnTh 
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Your most useful 
reference in 
industrial and 
military electronics 


Covers practical 
and proven 
techniques, 
circuits, and 
applications! 


Re mi) 


Expert aid on all phases 
of industrial electronics 
and control is at your 
fingertips in this master 
handbook for design and 
r pra 
slti-phas 


ent 
» the r “ j 
Througt i 
user's needs 
ed design inf 


INDUSTRIAL 
ELECTRONICS 
HANDBOOK 


William D. Cockrell, | 
Ind. Dp Ger 


‘ 


1408 pp., 6 x 9, 969 illus., $22.50 





10 BIG sections 


cover 


| to ain 


© Fundamentals 


® Control 
elemente 


® Power 
supplies 


@ Control 
circults 


Circuit aplica- 
tlons 


Instruments 
and computers 


Fajulpment 
mechanical 
design 


User's require- 
mentea 


me Letters 
patent In 
the U. 8. 
FREE TRIAL! Technical 
information 
sources 

| McGraw-Hill Book Co 

| | Dept. CON-11 

| | 327 W. 41 St. N.Y.C. 36 
| INDUSTRIAL ELECTRONICS 


Send me Cockre 
| HANDBOOK fu nh an 
| In 10 days I will he . $22 plu 


en 
: 











| lelivery t : r ays and 


book f 


| 50 and return 
D 
| 
| | aa 
|! 
| 


00 a 
urr 
int name 
1 
City 


Company I 


| For price and terms outside U.S.A 
write McGraw-Hill Int'l c 
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HIPERNAS II 


-_ r aera ae aes eee. — -_ 
A new concept in advanced INERTIAL NAVIGATION SYSTEMS 


(eke Bb, ety. Ms 


Bell has outstanding opportunities for experienced engineers and scientists 
in the following areas: 





@ Inertial navigation system analysis and design 

@ Design and evaluation of gyros and accelerometers 
@ Airborne digital computer application 

® Inertial test equipment development and design 

@ Transistorizing of analogue and pulse circuitry 


@ Advanced design and packaging 


Assignments embrace a high level of design and development problems 
Learn about the personal opportunities and unexcelled benefits now available 
to you on this challenging program. Send resume of your qualifications to 


Supervisor of Engineering Employment, Dept. F-55, BELL AIRCRAFT 


CORPORATION, P. O. Box One, Buffalo 5. New York. B 


Niagara Frontier Division 


Wire ty (Me 
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to the manufacturer, the tiny high- 


output unit 


meets 


the en- 


rigid 


vironmental requirements of missile- 


borne 


instrumentation 


systems.- 


Rheem Mfg. Co., Rivera, Calif. 
Circle No. 244 on reply card 


missile watcher 


At the 
launching site, detailed observation 
from a safe distance is imperative 


Cape Canaveral missile 


at the critical moment of firing. A 
Kollmorgen missile periscope makes 
this possible. By effectively com 

bining optical and mechanical skills, 
Kollmorgen produces complete re- 
mote viewing, testing and inspection 
instruments for industry and de- 
fense. For literature, write Dept. 45N. 


KOLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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A PHASE 

SENSITIVE 

NULL METER 

WHEREIN NOISE 

AND HARMONIC 

VOLTAGES ARE 

EFFECTIVELY 

ELIMINATED MODEL 100A 
e Allows separate balance of in- 


phase or quadrature in null cir- 
cuits. 


e Eliminates the necessity for fil- 
ters. 


e High sensitivity. 


e Direction of null clearly shown on zero centered 
meter. 


e Synchro zeroing without recourse to coarse and 
fine switching. 


For further information contact your nearest 


So representative or write for brochure 
$ w 


; mF 
3 ITECO = 
wn -—-f 


» 


; INDUSTRIAL TEST EQUIPMENT CO 
55 E. 11th ST. - NEW YORK 3 - GR. 3-4684 
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al 
Ca 


DETECTS 10° AMPERE 


The Vibrating Capacitor, a low-drift 
vibrating reed capacitance modulator, 


Manufacturers of: 


PHASE 
METERS 


NULL 
DETECTORS 


IMPEDANCE 
COMPARATORS 


POWER 
OSCILLATORS 


FREQUENCY 
STANDARDS 


AUTOMATIC 
HI-POT 


Other Electronic 
Test Equipment 


under ideal 
conditions at 


follow 


LIBRASCOPE 


career 
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ultra-modern 
p 


conditions at well located Librascope. Why? 
ywood and the 


onditioned 


Pasadena 
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ope which has just held its 20th 


Write Glen 
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zation growing with automation 


the opportunities at 
nd, stable organ 
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versary 


Seltzer, Employment Manager. 


Ann 








MICRO 


MINIATURIZATION 


FOR 
DIGITAL 
COMPUTERS 


12 resistor 


4 capacitors, 4 diodes and 4 transistors... 


all are contained in the comple te flip-flop circuit illustrated above. 


, , 
in the digital 
> preparing 


ystem 


loping new digital cir- 

nents, Hughes engineers ar 

r digital computer space mis- 

iS navigation guidance and 

control, nications processing and dis- 


i, Mmiussion programming. 


play, 1 hich contro 


An inten Hughes program in digital 


computer has created openings for 


CIRCUIT and COMPONENT DEVELOP- 
MENT: Digital Computer An ilysis, Micro- 
circuitry and Cryogenics, Solid State Ph 
Magnetic Storage Devices 
SYSTEMS ENGINEERING: Closed-loop 
Digital Control, Digital Sensing and Conver- 
sion, Radar and Communications Information 
Processing, Inertial Navigation. 

The salary structure for these personnel 
reflect the exceptional backgrounds required 


and the unusual challenge of the projects. 


Inquire by writing directly to: 
Dr. Allen Puckett, Associate Director 
Systems Development Laboratories 


HUGHES 


Hughes Aircraft Co., 
Culver City 24, California 
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permits current measurements as low 
as 10°" amp. A vibrating reed oper- 


ated by a 500-cps driver coil forms one SAMPLED-DATA 
plate of a capacitor and a stationary CONTROL SYSTEMS 
anvil the other. With the unknown 
charge across it, the capacitance pro- Just Published—A clear, unified treat- 
ment of sampled-data ystems Es 
duces an alternating voltage propor sential theory is developed in a way 
which helps you apply it not only to 
tional to the charge. This voltage may synthesis of control systems, but also to 
> > ~ . communications, data processing, filter- 
then be amplified by a stable ac am- ina and other areas. A neiptal feature 
he lie } . is the extensive use of the 2-transform, 
plifier. Drift due to s¢ If charge or Con particularly in developing time-domain 
tact potential never exceeds plus or synthesis methods. By J. R. Ragazzini, 
4 Dean, College of Engg., N.Y.U., and G. 
minus 0.2 mv per day noncumulative W. Franklin, Asst. Prof. of Elec. Enag., 


Stanford VU. 331 pp., 186 illus., $9.50 
‘his feature makes it suitable for proc sls ' 


ess control applications requiring sta 


° g st: 
fire control ble performance over long periods 
without recalibration.—Stevens-Arnold MAGNETIC RECORDING 


Where hit or miss means life or Inc., Boston, Mass. TECHNIQUES 
deatk » 2 ¢ . 
th, Kollmorgen fire control de Circle No. 245 on reply card ii tania. a eae adie tn te 


technology of magnet recording 
. ° methods and devices for engineers and 
and keep it there Combining opti technict — concerned with their appli- 

t y o mm tions 
cal, mec hanic al and electronic skills cation in mmunicatior 


_ T . ry automat ion ] ting and other 
these devices demonstrate the type jt MBO NIXIE j 


field Give realisti overage of the 
principles of t ecordin and repro 
of highly precise instrumentation 


= - ducing proces r yr ne material 
This new Jumbo Nixie type BD-30 recording mechanism { established 


digital indicator tube measures 3 in — by We Stewart, 
in diam and is designed for visual Register Co. 268 pp., 150 illus., $8.50 
presentation at viewing distances of 
over 150 ft. The new tube contain 
KOLLMORGEN the numbers 0 through 9 and a com 
optical corporation mon anode for circuit simplicity 
NORTHAMPTON, MASSACHUSETTS Burroughs Corp., Plainfield, N. J 
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ee | vacuUM TUBE Nts 
MODEL 2S WW" x 17” snr ELECTRON 


Recording Table “eat covers ase 4, ek 
x-¥-@° Voc phe maine SNe 
RECORDER 


vices put the projectile on target 


work Kollmorgen is prepared to do 
for you. For literature on fire control 
write to Department 55N. 


jum 
-tube A “ 
Aer tanding 
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vey 
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vor “ Prof 
r milimar ®., 
Columbia u. we 


4 €lec. 
407 illus. 


rpeen 


the Theory of 


RANDOM SGN a NOISE 


* with TIME BASE Takes UP 


xX = 7.5 mv to 500 volts (or) 7.5 to 750 seconds 


THE MOSELEY 


AUTOGRAF 


7 tree wore | 


| s lew York 
A DIRECT WRITING, LOW FREQUENCY OSCILLOGRAPH for: A Ate 
X-Y RECORDING Automatically draws curves directly from a 
variety of electrical data 


CURVE FOLLOWING With adaptor, regenerates functions from original 


Sys., 
curves traced with conducting ink Maanetic Reserdina Toshi 


~ Vac n-Tube Semicor 
POINT PLOTTING____ Plots points directly from Keyboard; with trans- ~ acuum-Tube & 


N r Randon Sia 
lator, plots from Card Punch or Tape Reader. ; 


FUNCTION vs TIME__ Automatically plots dependent variable agains? 


TIME 5 Sweep Ranges 


Sampled-Data Control 


Send foi detaile a specificat ons: 
d . L ° M Oo S E L. E Y Cc O For price and terms outside 
write ceGraw iw nt'l 
409 N FAIR OAKS AVENUE, PASADENA. CALIFORNIA eb: 5 wel 
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This letter moved an engineer ahead 5 years 


Two years ago a man took 10 minutes to write this letter. Today he enjoys the 
responsibility and professional standing in the Autonetics Division of North 
American that might have taken 5 years to achieve elsewhere. 


THE 20TH CENTURY’S MOST INTERESTING OPPORTUNITIES FOR THE CREATIVE ENGINEER 


Now under way at Autonetics are over 100 projects—military and non-military—involving 
some of the most arresting and advanced work to challenge the engineering mind today 


WHERE IS YOUR FIELD OF INTEREST? 


inertial Navigation Systems—for aircraft and naval vessels with the organization that success 
fully flew all-inertial autonavigators more than eight years ago—and whose many-generation 
family of ever-improved inertial systems for manned and unmanned vehicles have made over 
800 successful flights 


Radars—like the lightweight, monopulse type that guides aircraft to targets through fog and 
darkness and provides all radar functions for both high and low level missions—air-search, 
automatic tracking, ground-mapping and terrain-avoidance. 


Flight Controls—fully automatic and reliable autopilots and landing systems 


Information Processing Equipment—including airborne magnetic tape recorders, transistor- 
ized analog or digital computers for both the military and industry, and pace-setting numercial 
control systems for three-axis position and path control of machine tools for industry. 


At finger-tip nearness Autonetics has unique experience, advanced tools and techniques plus 
precision machine shops turning out work to millionths of an inch tolerances in both develop 
mental and volume quantities 


Opportunities have never been better —at every level of creative engineering from Preliminary 
research and design to Performance test—because Autonetics is one of the few companies 
in the world designing and quantity-producing systems within the complete spectrum of elec- 
tronics, electro-mechanics, control engineering and data processing. 


Write today and tell us what kind of creative engineering interests you (please include high- 
lights of your education and experience). 


Write H. L. Benning, Manager, Employment Services. 
9150 E. Imperial Highway, Downey, California 
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from ideas 
to instruments 


The sum total of the skills involved 
in the conception, design, develop- 
ment and manufacture of complete 
optical 
across many fields. Kollmorgen com 


systems frequently cuts 
bines technical skill and complete 
facilities for highly precise work in 
optics, mechanics and electronics 
These combined skills can help you 
solve your viewing, testing and in 
spection problems. For literature 
write to Department 65N. 


KROLLMORGEN 


optical corporation 


NORTHAMPTON, MASSACHUSETTS 


NEW PRODUCTS 


LESS THAN 1 OUNCE 


rhis tiny 400-cycle servomotor, in Bu 
ORD size 5, weighs only 0.85 oz and 
is said to be shorter than any other 
presently available in its diameter 
Ihe standard motor 5S1-3 operates at 
26 volts fixed phase, 40 volts center 
tapped control phase, and draws 2 
watts per phase input power. The 40 
volt center-tapped control winding 
suits the unit for use with transistor 
ized amplifiers 

Characteristics: 
No-load speed: 11,000 rpm 
Acceleration: 42,000 rad/sec’ 
Starting voltage: 0.6 volt, maximum 


Stall torque: 0.] 0z-in., minimum 


Operating temperature: minus 55 to 
85 deg j 
Mechatrol Div., Servomechanisms, 
Inc.. Westbury, N. Y. 
Circle No. 247 on reply card 


to aa 
248) Taber Instrument Corp., North 
lonawanda, N. Y., has developed a 


new drive for electrohydraulic servo- 
valves, consisting of a 150-mw power 


amplifier coupled to a solid-state phase 


sensitive demodulator 249) A 
new double diffused silicon transistor, 
for use in military applications, was 
recently announced by the Radio Div. 
of Western Electric Co., New York 

250) Cadillac Gage Co., Costa 
Mesa, Calif., has a new lightweight 
torque motor that can produce a mid- 
position force of 5 Ib at 28 ma coil 
The ‘I ype 85-A 
precision voltage divider, consisting of 
two switch-controlled decades of high 
iccuracy fixed resistors together with 


urrent 251 


1 precision wire-w und potentiometer: 
for continuous interpolation, is avail 
ible from Rinco, Inc., Portland, Ore 

é 252) Developed I ransitron 
Electronic Corp., Wakefield, Ma 
the ‘TMI155 silicon rectifier feature 
i 1,500-volt, 400-ma rating at a ca 
temperature of ( 


Circle No. 248, 249, 250, 251 
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NEW BENDIX MS-R ENVIRONMENT RESISTING ELECTRICAL CONNECTOR 
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Elec! cd 


posits 


periorn ty 


ompatibili 
connectors. Establishmer 
military 

MS envirot 
connectors using resilient insert 
Division. In the Bendix” 


accomplished by an exclusive slippery 


the “universal” 


the record of previous 


connector 

rubber grom- 
met which permits convenient threading 
grommet travel over wire bundle 

yn on this latest 


Bendix elec 


Write for more complete informati 
addition to the ever-growing family 


trical connectors. 


Bondi” 


AVIATION CORPORATION 


Now available and approved in com- 
plete conformance with MIL-C-5015D. 


* TRADEMARK 


™ SCINTILLA DIVISION 
SIDNEY, NEW YORK 


Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Bivd., Mentreal 9, Quebec. 


Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N.Y 


FACTORY BRANCH OFFICES 
117 E. Providencia Ave., Burbank, Calif. © Paterson Building, 18038 Mack Ave., Detroit 24, Mich. « 545 Cedar Lane Teaneck, N.J. © 5906 North Port Washington Rd., Milwaukee 17, Wisc. 
Hulman Building, 120 W. Second St., Dayton 2, Ohio © 2608 Inwood Road, Dallas 19, Texas © 8425 First Ave., South, Seattle 8, Washington 1701 “K" Street, N.W., Washington 6, D.C 
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GET 


more information about 


1. Advertised products 
2. New product items 
3. Catalogs and bulletins 











All advertisements, new products and literature items are numbered for your convenience. 


Postage 
Witt be Paid 
by 
Addressee 





BUSINESS REPLY MAIL 
: First Cless Permit No. 64, (Ser. P. L. & R.) New York, N. Y. 


Reader Service Department 1 


CONTROL ENGINEERING 
330 West 42nd Street 
post cards New York 36, N. Y. 
will bring you 


detailed information 


eran a 




















One of these 
handy prepaid 






HOW TO USE THESE CARDS: 


1. Find the key number on item 


of interest BUSINESS REPL AIL 


‘ . First Class Permit No. 64, (Ser. P. L. & RB.) New York, N. 
2. Circle this number on one of 
the cards 






















Reader Service Department 1 


CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 


3. Mail card immediately 





INSTRUCTIONS 


Use these reader service cards 

to get more information on 

advertised products, new product items 
or catalogs and bulletins 

appearing in Control Engineering 











IMPORTANT: Circle key numbers below and mail before February 1, 1959 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 
16210 «314d 51 61 71 81 91 101 101 123 131 141 151 161 171 181 
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 
13 23 33 «43 53 63 73 83 93 103 113 123 133 143 153 163 173 183 
14 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 184 
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 
16 26 36 46 56 66 76 86 6 106 116 126 136 146 156 166 176 186 
17 27 37 47 57 67 77 87 97 107 117 127 137 147 157 167 177 187 
18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188 
19 29 39 «49 59 69 79 89 99 109 119 129 139 149 159 169 179 189 


CeNnNOULAWN— 


210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 
211 221 231 241 251 261 271 281 301 311 321 331 34) 351 361 371 381 
212 222 232 242 252 262 272 282 302 312 322 332 342 352 362 372 382 
213 223 233 243 253 263 273 283 303 313 323 333 343 353 363 373 383 
214 224 234 244 254 264 274 284 304 314 324 334 344 354 364 374 384 
215 225 235 245 255 265 275 285 305 315 325 335 345 355 365 375 385 
206 216 226 236 246 256 266 276 286 306 316 326 336 346 356 366 376 386 
207 217 227 237 247 257 267 277 287 307 317 327 337 347 357 367 377 387 
208 218 228 238 248 258 268 278 288 308 318 328 338 348 358 368 378 388 
209 219 229 239 249 259 269 279 289 309 319 329 339 349 359 369 379 389 


Circle number on card 
that coincides with key 
number listed at bottom 
or adjacent to item of 
interest. 


Nome 





Company 





Address 





Fill in your name, title, 
company and address. 


IMPORTANT: Circle key numbers below and mail before February 1, 1959 


10 20 30 40 50 60 70 80 9 100 110 120 130 140 =6150 160 170 180 
i} 21 «31 41 51 61 71 81 91 101 131 120 131 141 151 161 171 18) 
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 
13 33 43 53 63 73 8 93 103 113 123 133 143 153 163 173 183 
14 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 184 
15 35 45 55 65 75 8&5 95 105 115 125 135 145 155 165 175 185 
16 36 46 56 66 76 8 % 106 116 126 136 146 = 156 166 176 186 
17 37 (47 57 67 87 97 107 117 127 137 147 = 157 167 177 187 
18 38 48 58 98 108 118 128 138 148 158 168 178 188 
9 39—(49 »” 99 109 119 129 139 149 §=159 169 179 189 


Mail card immediately. 


CSenOWAWNH— 


210 230 240 250 290 «300 310 320 330 340) §=350 360 370 380 
211 241 291 «301 311 321 331 34) 351 371 381 
212 232 242 292, =96302: 312 322 332 3420S 352 372 382 
213 233 243 293, «= 303: 313 323 333 343. 353 373 383 
214 234 244 294 304 314 324 334 344 354 374 384 
215 245 295 =305 315 325 3450-355 375 385 
216 236 246 296 306 316 326 346 «= 3356 376 386 
217 247 297, 307: - 317 ~ 327 347-357 377 387 
218 248 298 «308 318 328 48 86358 378 388 

249 299 «= 309: 319 329 3490s «359 379 389 
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New! Miniaturized! 
Kellogg Type L’ Relay 





TYPE "L” RELAY FACTS 
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engineers who have 
relay. It 
model used for if 
the world. Now, its 
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rear mounting, for ease of 
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bifurcated stationary springs for independen 
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heavy duty bronze yoke and 
pin insure long life and stable adjustment 
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MORE 


VARIABLE 
PULSER 


MODEL 1010 


10 cps to 5 me 

....0.1 pp sec to 5.0 p sec; in 0.1 p sec steps 

at 40 volts out, 0.04 » sec; at 20 volts out, 0.02 » sec 
at 40 volts out, 0.05 » sec; at 20 volts out, 0.04 yz sec 
2 to 40 volts across 1000 ohms, continuously variable 
100 ohms in series with 0.5 mfd 


Pulse repetition rate 

Pulse duration 

Rise time 

Fall time 

Output amplitude 

Output impedance 

Trigger output: 
precedes output pulse by 0.1 y sec from 1000-ohm source, 10 volts, 0.15 y sec 

Rack mounting high, 19" wide, 10” deep 


VARIABLE 
FREQUENCY 
OSCILLATOR 


MODEL 1011 


Frequency range: 

100 cps to 5 mc/s in 7 bands, continuously variable tuning across each bana 
Waveform: 
Essentially square except above 1 mc. Above 1 mc, it becomes essentially sinusoidal 
Output voltage: 

0 to 10 volts peak-to-peak across 1000 ohms (cathode follower output sfage) 
Power requirements 105-125 volts, 60 cycle AC, 25 watts 
Rack mounting 312” high, 19” wide, 8%” deep 


DESIGNED AND 
BUILT BY 


ECHNITROL 


ENGINEERING COMPANY 
a MPa 


YMG 
% 4 


y 
j 
bye 1952 


MANUFACTURERS OF PULSE TRANSFORMERS, DELAY LINES 
AND ELECTRONIC TEST EQUIPMENT 


a 
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308) TRANSISTORIZED SUPPLIES 


Sorensen & Co., Inc. Data sheet, 
Highlights include a list of specif 


ind a summary of featu oO 
omplete line of transistoriz 
high-current dc supplies, 


y 
6, 12, or it | itt 
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nmon to 
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(309) LIGHT CONTROL. Electronic 
( Orp. of Ami 1. Bulletin PA 569, 4 pp 
Contains som ite ting ce riptive data 


Precision Components. ..another Kearfott capability. 


m Photoswitch Light Control, a new 
automatic on-off ntrol for any lighting 
ystem whose operation is keyed to outdoor 
light condition 


310) SERVOVALVES Borg-Warner [eon 
Corp. Bulletin No. 5801, 4 < Provid prectston ov? 
basic design and performance data on the 

1eV ] ¢ of Pe »>nignnh lelity SCTVOV: hh 

Included are detailed d ript banal al accuracy pital 
peration an¢ nt 


311) GAS \NALYZ R.  Beckma performance 


Div. Bulletin 0-4114 
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Ira { Analyz 
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PRECISION SWITCHES 
Maxson Corp. Bulletin 858 
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sid 
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R PUMI Servomotors 
n, 4-py 


; 


GEA 
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Maximum precision, performance, and accuracy are inherent in 
all Kearfott components. Superior performance under the most 
adverse environmental conditions is assured. 


Synchros: Sizes 25 through 8 
N “a hat Errors as low as 20 seconds 
a f Motor-generators: Sizes 15 through 8 
Linearity better than 0.01% 


Servomotors: Sizes 25 through 8 
Wound for transistorized amplifiers 


max m input po 
LOGIC PACKAGI 
— ae Bulletir Components are available to withstand high temperatures (up to 
200°C), severe vibration (to 2000 cps), and shock (to 50 G). 
Corrosion resistance and light weight are further reasons for the 
extensive use of Kearfott components in operational and develop- 
mental missiles and aircraft. Write today for engineering data. 


for each circuit show 
FOR COUNT CONTROL. Ci Engineers: Kearfott offers challenging opportunities 
puter-Measurements Corp. Technical Bulle in advanced component and system development. 
320, 4 pp. Deals witl ie of d 
et counter controller 
peed control 
ngth, batching, packaging, stacking 


n imber, y iriab} DUIS int rcTl 
tion, and process programming hy ti 
319) RECTIFIER POWER UNITS Kearfo 


Syntron Co. Catalog, 10 pp. Illustrat 


vinding, motor 


booklet ontains complet | rnptior 
pt 


data, and specifications on the compan 


lis » Of se i : on rect r Nower 
Uiné Of scienium snd silicon sectifier p KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
ini Single phase, three pha e, and 5 A Subsidiory of General Precision Equipment Corporation 
ial low-voltage units are covered Soles and Engineering Offices: 1378 Main Ave., Clifton, N. J 
CLUTCHES & BRAKES n Midwest Office: 23 W. Colendor Ave., La Grange, Ill. South Central Office: 621! Denton Drive, Dallas, Texos 
West Coast Office: 253 N. Vinedo Avenue, Pasodenn, Calif 
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Progress in the Science of Chronometry BULLETINS AND 
¢ CATALOGS 





IN 1714, the British government offered a prize 
of £20,000 for any means of determining a ship’s Mfg. Co. Bulletin RSI 


4 . 4 > 7 I } qa 0 { ti 
longitude within 30 nautical miles at the end of a ng sg the addition of 
. ’ ‘ , to the makers hn f DD 
six week’s voyage. John Harrison, a self-educated netie fiction clhatch 
Yorkshire carpenter, won the prize in 1760 with liagram, photo, and tes 
an accurate clock. ple plug-in type control tha 
tinuous dc for actuatin 
321) ON pH TE 
IN 1958, ICBMs and earth satellites created man/Scientiic & Pr ~~ 
Application Data Sheet pH Mi 
Discusses proper ca f pH t 
To fill this need, Hycon Eastern has developed techniques for makin te pH 
an electronic Timing System with heretofore un- urements In troubk 
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anywhere in the world. tro-Pul Short Form ¢ 
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AN INTEGRATED TIMING SYSTEM cow. 
FOR TODAY'S GLOBAL CONCEPTS 320" 
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Solar or sidereal time is displayed visually and is 
available for input to automatic computers and in- 
dexing data with many types of recorders . . . mag- 
netic tape, oscillograms, photographs and strip charts. 
Furnishing a time scale with resolutions available to COMPANY FACILITIES. } 
one microsecond, this system is ideally suited for Engineering & Mfg., Inc. Bulletin 
° ° ° . Introduces 1S ¢ 1O | 1 
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E 75 Cambridge Parkway Dept. J Cambridge 42, Massachusetts the unit guards private formu 
ontinuous production 
330) T?COUPLE ASSEMBLIES. ¢ 
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31) MOISTURE METERING Q lit EB . d 
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terial Study Report No. 4.58. Details a 
nethod for determining moisture in silica 
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NEW "SUPER" CUSHION FOR 
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extras...that are STANDARD, AT NO Extr 


EXTRA COST! CHROME PLATED CYLINDER 
BORES AND PISTON RODS 
Designed to eliminate tie-rods, providing t rd ct No Extro 


and longer service—offers, exclusively, many 
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IMPONENTS. Hoover Electric erations. IMMEDIATE SHIPMENT in a NEW “SELF-ALIGNING” 
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Helps you predict 
the dynamic 
performance of a 
plant before it is built! 


PROCESS 
DYNAMICS 


Dynamic Behavior 
of the Production Process 


By the late 
DONALD P. 
CAMPBELL, 

formerly of the 
Massachusetts 
Institute of 


Technology 


Here is the first work to discuss process dy- 


namics, the characteristics of processes un- | 


der unsteady-state conditions or in response 
to periodic disturbances. 


Because the book applies the techniques of | 


linear network theory to the prediction of 
process dynamics, it enables the process de- 
signer to foretell the dynamic performance 
ot a plant before it is actually built. 

The book aids in solving many of the com- 
mon flow, level, pressure, and temperature 
control problems in the chemical and petrol- 
eum industries. It is helpful for control of 
process operations involving moving fila 
ments, sheets and webs; covers methods of 
sizing blenders; and is useful for design of 
pulsation dampers for flow and pressure 
surges. 


Check these chapter headings: 
® Kinematics of Materials Handling 
© Fluids in Motion 

© Forming, Propulsion and Guidance 
® Thermal Process Dynamics 

® Mass Transfer Dynamics 

® Chemical Process Dynamics 

© Problems 


1958 316 pages Illus $10.50 
Send today for your ON-APPROVAL copy! 


JOHN WILEY & SONS, Inc 
440 Fourth Ave., New York 16,N. Y 


Please send. me a copy of PROCESS 
DYNAMICS to read and examine ON 
APPROVAI Within 10 days I will either 
return the book and owe nothing, or I will 
remit $10.50, plus postage. 

Name 

Address 

City Zone State 


[] SAVE POSTAGE! Check here if you 
ENCLOSE payment, in which case we will 
Pay postage. Same return privilege, of course 
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Continued trom page 4- 


Station, Wallops Island, Va.; or the 
Plum Brook Research Reactor Facility 
Sanduskv, Ohio. 

The 28 committees and subcom 
mittees of NACA hav 
stituted as advisory committees to th 
NASA and will keep this status until 
the end of the vear, in order to com 
plete their work. NASA has moved 
into the Washington, D. ¢ head 
quarters of the 43-vear-old committe: 
From here, it will direct a_ staft of 
more than 8,000 


been recon 


scientists, cnginee! 
technicians, and others, and overse: 
laboratory facilities 


than $300 million 


valued at mor 


Control Data Corp. 
Has a Bad Year 


Pleading “substantial getting-started 
Control Data ¢ orp. of Min 
neapolis, Minn., 
its first vear of operati 
and a gr 
osts of making sale 


the sal 


costs”. 
ports a net loss in 
n of $114.71 
| 


profit, after subtracting the 


$598,554) from 


themsel > »,/306), OF 


7-7 


$27,202. Selling Iministrative, an 
general expens¢ totaled $144,81' 
leaving an operating loss of $117,605 
Further deductions brought this down 
to the $114,71¢ 
Backlog was put at 
at $1,223,311 Lhe pavre ll was said 
to have jumped from four, when thi 
company opened for business last year 
CtE, Nov. "57, p 182), to 260 
Most of these year-end figures 
from Control Data itself, but some 
— them come from a report in th 
weekly Electronics News, which has a 
Minneapolis. Th 
that Sperry Rand 
Corp. has a suit in progress 
Control Data, charging 
trade then 
Norris, president of the 
‘There is still considerable doubt a 
to the nature of the Sperry Rand com 
plaints. No date has been set for trial 
of the case, but it inticipated that 
trial will be held some time in wint 
of 1958-1959.” 
Norris developed 
from his own Electronic Associate 
which in turn seems to have had a 
connection with Remington Rand 


52 million, asset 


comm 


correspondent in 
: 
newspaper explain 
against 
it with using 
William 
firm, as 


secrets, quotes 


saving 


Control Data 
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Now It’s: Hunt Valve Co., 
Computer Equipment Corp. 


Two companies in the control field 
have changed their names to mor 


Type ‘‘A”’ 


STROMBERG-CARLSON 
Type “A” Relays 
with 
Plug-in mountings 


For fast, easy removal and replace 
ment you can get Stromberg-Carlson 
Relays with plug-in 
mountings. 

The Stromberg-Carlson Plug (il 
lustrated above) automatically locks 
the relay in place and guarantees a 
low-resistance connection between 
plug and socket. Its 36 terminals 
provide enough connections for pra¢ 
tically all relay applications. Coils 
and contacts are wired to terminals 
as your needs dictate. Contacts can 
be furnished in silver, palladium 
gold alloy or palladium-silver alloy 

Spring combinations possible with 
this assembly are 17 Form A or Form 
B; 10 Form C or Form D 

Also available in an “A” Relay is 
a plug used with commercial radio 
type sockets. It can mount relays 
with 8, 9, 12 or 20 
connections. 

For technical de 
tails and ordering 
information, send 
for Bulletin T 
5OOOR, available on 
request. Write to 


S-C 
: Mm 


Dad 


STROMBERG-CARLSON 


a DIVISION OF GENERAL DYNA™ Ss 
TELECOMMUNICATION INDUSTRIAL SALES 
112 Carison Road, Rochester 3, N. Y 


Electronic and communication products 


CORPORATION 


for home, industry and defense 
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closely identify them with the prod 
ucts manufactured. The companic 
ire: C. B. Hunt & Sons, Inc., which 
becomes Hunt Valve Co., and Digi 
tron, In 


which in the future will 
he nown Computer-E.quipment 


( 


More Than 1,200 Suppliers 
for Atlas; Most Are Small 


| I Ol OM pal hy 
ued news releases lately n iting th 
fact that they are among key supplie: 
the Atlas ICBM program und 
it the Convair-Astronautics Di 
neral Dynami Corp It devel 
losures are all part 
plan to encourag 
idvertising and pub 
las program, and that 
uppliers given th 
lentifv themselve 


emple 
t taling ibo 
Astronaut 
I] reissu 
future dat 
f the pre 
nother 


the list 

seneral, Good 

TCT tron Co Kin Tel 

Litton Industries, Epson, and Hill 
Electronic Engineering & Mfg. ( 

of Mechanicsburg, Pa 


New Companies in the Field 


Shockley Transistor Corp., a new 
ubsidiary of Beckman Instrument 
Inc., actually a reorganization of the 
company’s Shockley Semiconductor 
|.aboratory—in Palo Alto, Calif. The 
new corporation will expand Beck 
man’s development and manufacture 
of specialized semiconductor com 
ponents for electronic instruments, 
communication equipment, and con 
trol systems beyond the point envis 
ved when the Shockley lab was 
organized more than two years ago 
Ctl, Mav °56, p. 30). ‘Two strides 


GULTON SHOCK AND VIBRATION DATA FILE 


How to avoid false test results 
due to ‘ground loop’ voltages 


With the increasing need for greate) 
accuracy in shock and vibratior 
measurement, extreme care hould ] ; 
be taken to avoid the introduction employe 
of spurious voltage Secor 
Circulating ground currents, ger measul 
erated by electrical devices external 
to the measuring system, generat 
voltages that can lead to compl 
ly false result 


GROUNDING USUALLY AT FAULT 


Ground loop may 
tus extraneou 
Figure 1 he 
ground current 
removing 
> electrical voltay ‘ ¢ 
iock and vibr 
In thi exalt 
er, amplifier 


ol recording 


UNGROUNDED INSTRUMENTS 
THE ANSWER 


three 
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FREE TECHNICAL SERVICE 
OFFERED BY GULTON 
A Gult Instrumentat 
w giadiy call at y 
SOLUTION TO THE PROBLEM help you with 
problems. You are 

his extensive experien 
able of generating: ent hould be and vibration mea 
work for you 











First, all electrical apparatus cay 











GULTON INSTRUMENTATION DIVISION 
4 Gulton Industries, Inc. 
Metuchen, New Jersey 
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ADVANTAGES OF THE 
Nama lai 
FLOWMETER : SYSTEMS 


Modulated 400 cps output — 
Proportional to Flow Rate 


Constant Output Amplitude of 


2.5 volts —Independent of 
Flow Rate 


Only 2.5 PSI Maximum Pressure 


Drop 
+ 1.0% Transmitter Accuracy 


Rate Indication —Total Flow — 


or Both 


Exceeds -350°F to +300°F 
Temperature Range 


Adaptable to Telemetering 


High Signal-To-Noise Ratio... 


No Shielding 


Signal Fed Directly to Remote 
.No Preamplifying 


Indicator. . 
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Designed for missile, aircraft, test cell 
and various industrial metering applica- 
tions, these Revere flowmeter systems 
handle all conventional and most special 
fuels and fluids. Bi-directional flow... 
long life with low maintenance because 
of minimum thrust and no seals or gaskets. 
Can be submerged. 


Transmitter design provides modulated, 
400 cps, constant-amplitude 2.5-volt sig- 
nal...insures reliability at low as well as 
high flow rates. Signal is fed directly to 
Revere airborne indicators...is adapt- 
able for telemetering. Also can be used 
with many standard indicators, recorders 
and electronic counters. 


SPECIFICATIONS of Standard Transmitters 





Line Sizes* 


l-inch 


14-inch 2-inch 2¥, 2 >-inch | 3-inch 





| Flow Range, GPM * * 


3-40 


10-125 | 20-250 | 30-400 | 50-600 





Weight of Transmitter (approx.) Ib. 


| 1.1 (SS) 


2.0(SS) | 1.4(AA) | 2.0(AA) | 271A) 





Transmitter End Conn 


Thread 


Thread 





Material, Standard Transmitter : 








303 Stainless 
(Mil- 








Flange Flange tt Flange 


61-S Aluminum Alloy 
(QQA-325) 








$-7720) 





Impeller Speed—Rated Flow: 3000 RPM 


Pressure Drop at Max. Rated Flow: 2.5 PSI * * 


Accuracy Over Flow Range: + 1.0% 
Temperature Range:—350°F to 


+-300°F 
Power Requirements—Rate System: 115VAC, 400cps, 5 VA 
Total or Rate & Total: 115VAC, 400cps, 10 VA 


Send for Engineering 
Bulletin No. 1067 


r 
—o 7 


| = 


*Other Sizes to order *%* Determined with gasoline {Other materials to order 3 s 


Wallingford, Connecticut 


A SUBSIDIARY OF NEPTUNE METER COMPANY 
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contemplated a ten-fol increase in 
the production of the Shockley four 
laver transistor tron 
witch capable of replacing five relate: 


diode, an el 


components, and a greater emphasi 
on semiconductor devices that 
idvanced theoretical underst 
emiconductor 


require 
inding of 
properti \\ illian 
Shockley will be president of the new 
and Maurice ¢ Hanafin 
manager of Beck 


corporation, 

formerly general 

mans Spinco Dir 

dent and general lana 
Westinghouse International Atomi 

Power Co., organized 

f Westinghouse Elect 

Co to 

n europe in Gen 

Chairman of the 

Nichols, atomic 

inghouse Electri 
Raymond Gigu 

director general 

lrance. Principa 

erved are France 

Netherlands, | 
rian 
Connecticut 

founded by two f 
ren, Charl 

\. Wilks Jr 

ew Company ' 
arch 
rovide a servi 

grinding. Warret 

Warren Electror 

pan Wa | ign 

fter the purcha 

‘rating the new 

at Wilks’ hie 

P-FE. was director of m 1 
Scans Associates, Inc., t ngines 

ind manufacture hydrau n 


Instrument Corp., 


ind 


umati 
mechanical, and clectrical equi 
in Livonia, Mich lent Vern 
G. Converse III a lo flicer 
Stanle Anderson. Robert A. New 
J. Seyi | 
George | inkervis ( 
Space FE tiasiiien Corp., f 
two Ramo-Wool lridg 


, ] try y 
i rol 


ind airborr 


rrr ahi 
pric 


rround c equip 
ment for missiles and space vehicl 

in Glendale, Calif. J. ¢ Fletcher 
former of R-W’s Electronic 
of SEC, and 
Lehan, formerly a 

tor, is vice-president. Other of 
cers include W. R. Hughes, former 
lirector of test support in R-W’s Spac« 
Technology Laboratori whose title 
is head of engineering, and Ray W 
Sander ection direct 
of guided — missile Gilfillian 
Brothers, Ine vho 1 WK 
her of Sh techn 


directi 
| aboratory, is president 
Frank W 


dire 


s, most recentl 











In this fast-moving age we find that we can no 
longer insure leadership...or even survival... 
by doing things the traditional way. If there’s a 
better way, we must find it. 

Our DC-8, C-133, Thor, Nike-Hercules, Genie, 
Sparrow and other aircraft and missiles are all 
the finest of their type and time. But their 
success, and that of our many new projects, 
depends on superior engineering. 


at 


STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Company 


That’s why I’m looking for engineers dedicated 
to quality work. Only through such dedication 
can the extra performance and reliability of our 
products be attained. If you feel as we do about 
this principle, we’d certainly like to discuss a 
future at Douglas for you. 

Write to Mr. C. C. LaVene, 
Douglas Aircraft Company, Box D-620 
Santa Monica, California 
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POWER SPECTRAL DENSITY ANALYSIS 
OF RANDOM WAVES 

TP-625 WAVE ANALYZER SYSTEM 

WITH POWER INTEGRATOR 


An Important Design 


and Environmental Testing 
Tool for Analysis of 
Acceleration, Vibration, 


[\ 
| 
} 


Pressure/ etc 


Integrity in instruments for over a 
quarter-century assures reliability of the 
TP-625 Wave Analyzer System. It provides 
accurate, practical, economical solutions to 
problems in a wide range of applications. 

It determines frequency and amplitude of 
components in a complex wave ranging from 
2 to 25,000 cycles. And, with the TP-633 
Power Integrator, it produces a direct current 
analog output proportional to power spectral 
density. Analog can be made proportional 

to peak level, average value, mean square value, 
as well as continuous time integral 

linear or square—of the voltages in 

a narrow frequency band. 

TRACKS AUTOMATICALLY: Other auxiliary 
equipment includes Servo Drive that allows 
automatic tracking to frequency set by 


speed of equipment being analyzed 


VOLTAGE 


RELATIVE MEAN- SQUARE 


H Af 


yee hen 
FREQUENCY 


Get full details. Write for new bulletin 
on the TP-625 Wave Analyzer System 


Developed, improved and manufactured by 





Jochnical Products Company — 








6670 Lexington Ave., Los Angeles, 38 
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IMPORTANT MOVES 
BY KEY PEOPLE 


Chief Engineers Advance 
in Douglas Realignment 


Douglas Aircraft Co. has realigned 
the functions of its Engineering Di 
into three major fields and has ap 
pointed a director for each he 
directors are: Elmer P. Wheaton, for 
merly chief missiles engineer at Santa 
Monica, Calif., assign to missile 
Kdward fl 
Heinemann, formerly chief engineer 
for the El Segundo Calif By 
issigned to combat aircraft svst 
ind :dward F. Burton, former 
engineer for the Santa Monica 
issigned to tran port aircraft 


ind space engineering 


In each case issistant chief engi 
neers replace their superiors in then 
espective division [his means that 
R. I John on become hief enginec 
of missiles and space tem 
Devlin moves up at Fl S 
Schuvler Kleinhan 
Monica 

In the Charlott 
vhich manufactur 
Arm A. & Jamta 


moted from engin 


clopment 
that could find it 
1 television eve 
ime chief mi 
Santa Monica Di 
mann came to Dor 
en chief engine 
Burton 
Doula 
del joOmn 
1924 Ile becam 
Santa Monica in | 


Johnston Next in Line 
as Frost Takes ISA Helm 


Things took their natu , 
it the ISA annual conference and 
exhibit in Philadelphia last September 
when Henry C. Frost, assistant chiet 
engincer of Corn Products Refining 
Co., Chicago, moved from president 
elect and secretary into the presidency 
succeeding Robert J. Jeffries, president 
of Data-Control Svstem Ii \ 





report on the conference appears in 
this issuc, page 18 

Other ISA officers are 
Johnston Jr up of du 
engines Service Dyiv.’s 
tion group for instrumentation devel 
1 CtE consulting editor, 
eed Frost in the spring 
Glen (¢ Gallagher, 
instrument engineer for 

Hluor Corp., Ltd., of Los Angel 
ice-president for the Standards & 
Practices Dept.; Thomas C. Wherry, 
int branch manager of Phillip 
ms Instrument & Equipment 

ind a CtE author (March 

resident of the ‘Tech 


new John 


Pont’s 


consulta 


IVISOT 


ning 


opment ind 
elected to suc 
board position 


principal 


nical Dept.; and Howard W. Hudson 


nt of 


1 : 
n ré ¢ ed 
In CCl ted 


| 7) manufacturing for 
Pan treasure! 
Other Important Moves 
istant chief engine 
In Ray L. Reid 
fan R&D pr gran 
hn 
Re 


Nort! 


: Ling pag 
Karly ‘I. Andes, f 
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taff: James I 
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Thornton, 


} t ivanced 1 

t irl E.. Koehler, 
n 1 ck mer, Dean 
M. Roush, Mechanical 
henginecring v1 | James D 
Harris, na li 

tant. A 

Remington-Ran 

R. W. Martin, 

f Ph i) M 


Instrument 
sion manager and 
ring LI has ilso been with 
ers Gyroscope Co. and G. M 
Giannini & Co., In 
Kenneth W. Meytrott has been 
ted chairman of the board of E-ttco 
lool & Machine Co., Inc., and 
Edward G. Maylinger has been elected 
president They ucceed the late 
Melvin H. Emrick Ctl, Oct., p. 54 


vho had held the two position 


save valuable 
=Talolial-\-Jalalemileal— 
HEATH Electronic Analog Computer Kit 


e classroom, or “on 


stry, the Heathkit 


‘ 
‘ 


© W coefficient potentiometers, each capable of being set with extre 


e 15 amplifiers us! metal circuit boards for quick ass« 
operation 

eA null 

e A unique patch-board panel which enables the operator to ‘see 


ng etched 


ng meter for accurate setting of computer voltages 


block layout 


save money wit) HEATHKITS 


_—— FOLDER 


HEATH COMPANY 
A t tary 
BENTON HARBOR 36. MICH. 


Get the complete computer 
story from this four-page 
folder, available free! 
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Analog 
Engineers 


NAA-Columbus is expanding its Analog Comput- 
ing Group to handle new problems generated by high 
performance production aircraft, missile proposals 


and space studies. 


SENIOR ANALOG COMPUTING ENGINEER: 
Will be responsible for solution of engineering prob 
lems arising from design, development and research 
activities of all engineering groups. Duties include 
developing analog techniques, circuits, methods, and 
modes of applications. Industrial experience, research 


experience, and advanced degree preferred 


ANALOG COMPUTING ENGINEER: Will assist 
in the formulation, analysis, and solution of problems 
by use of analog equipment. Problem areas include: 
aerodynamics, dynamics, heat flow, structures, flut 
ter, fluid flow, implicit synthesis, and system analysi 


Degree and related experience required. 


Our analog laboratory is equipped with 300 ampli 
fiers and associated non-linear equipment. IBM 704 
is used to augment studies performed on the differen- 


tial analyzer equipment. Write to: 


Engineering Personnel, Box CE 579 
North American Aviation, Inc. 
4300 East Fifth Avenue 

Columbus 16, Ohio 


THE COLUMBUS DIVISION OF 


AY 


_ NORTH AMERICAN AVIATION, INC. 


NAA-Columbus... home of the T2J Jet Trainer and the A3J Vigilante. 
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Analog Simulation Extended 


From “Analog Computer Study of 
Sampled-Data Systems” by H 
Chestnut, A. Dabul, and D. Leiby, 
all of GE. AIEE Transactions Paper 
No. 58-1324. prepared for presenta 
tion in Pittsburg 
Recent studies of sampled-data 
tems have been based largely on fr 
quency response methods, z-transform 
techniques, and various modih 
of both. This paper describes ; 
technique for handling thes« 
on analog computing equipmes 
indicates the performance of typ il 
impled-data systems for different 
values of system parametet and 
where possible, correlates these result 
with those obtained by frequency 
main and time domain approach 
The new technique involves simu 
lation of two new elements: the sam 
pling switch and the holding circuit 
In this study, a high-speed mercurn 
wetted relay provides the impling 
function. One operational amplifier 
onnected with the relay as shown in 
Figure 1, simulates the zero-ord 
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hold function. With the switch closed 
the umplifier operates w th unity gain 
ind a very small time constant; with 
the switch open, it serves as an open 
input integrator. Figures below the 
ymputer diagram show the input, 
pulse, and output waveform 

With a sampling frequency below 
5 cps, a 10-millisec pulse will require 
less than 5 percent of the sampling 
time. For the valu f feedback re 
istance and capacitance shown in 
Figure 1, the amplifier time constant 
is 0.5 millisec. Under these condi 
tions, amplifier output can be assumed 
to reach its final value while the 
witch is closed 

Che relay driving signal, if not di 
rectly available from the computer 
installation, can be produced by using 
several operational amplifiers driven 
from a variable frequency sine-wav 
generator. Figure 2 shows the circuit 
rangement and Figure 3 the evolu- 
tion of the pulse train output. Note 





ow 
“| frequency 





| OSC lator } 


v the introduction of bias voltage 
hifts the origin so that the net 


tage input to amplifier 3 become 


] 
positive only during a portion of 





With the limitu 
hown, output of this 
to full lim g voltage for am 
tive input and to zero for th 

Amplifier B i 
perate the relay ¢ 

Io illustrat in ipplication, ind 
to simplify comparison of analog com 
puter results with those obtained from 


iumplifier 


th input 


booster to 


1 mathematical model representation, 
the authors chose a simple second-order 
tem. This is represented in a pra 
tical way by a simple position servo 
onsisting of an ideal amplifier, dri 

ing motor and gear train, and a pe 

tion-to-voltage transducer for the feed 
back clement. It 1 rT 
+ (authors’ kigui 


shown in. Figur 


Here amplifier 








| performs the zero-order hold func 
tion. Amplifier 2 contains the time 
constant part of the transfer function, 
while amplifier simulates the inte 
[he value of T, in mfds, 
determines this time constant and the 
value of 1/K, in megohms, determines 
the gain 


grator part 


Plots of system response show how, 


with a constant phase margin, tran- 


sient overshoot increases rapidly as the 


dimensionless sampling frequency (or 
sampling frequency to crossover fre 


HERE'S WHY P&B’'s PR POWER RELAY IS PREFERRED 


for high current or 
voltage switching 


HEAVY DUTY construction 
means long-term dependability 
when switching up to 20 amperes 
(double break contacts). Here is a 
ruggedly built, economically-priced 
relay with many quality features. 
The PR’s fuil floating movable 


contact carrier provides excellent 
contact pressure and ample wipe for 
self-cleaning contact action. The PR 
has been adapted for printed cir- 
cuitry and heavy duty plug-in appli- 
cations. Write or call for complete 
information today. 


ENGINEERING DATA 


GENERAL SPECIFICATIONS: 
Breakdown Voltage: 1500 volts rms min. between 
all elements and ground 
Ambient Temperature: DC: —55° to 485°C 
AC: —55° to 455°C 
Terminals: Heavy duty screw type. Stondard 
printed circuit pins or plug-in on request. 
Enclosures: PR dust cover. 


CONTACTS: 
Arrangements: Up to 2 Form C (DPDT) 
Material: 5/16” dia. silver or silver cadmium oxide 
(Others ovailable) 
Load: Single breok: 15 amps; Double breok: 20 
amps at 115 volts 60 cycle AC resistive 


AUXILIARY CONTACTS 

Arrangements: | Form A, B or C. 

Material: 3/16” diameter silver 

Rating: 5 omps ot 115 volts 60 cycle AC resistive. 


COILS: 

Resistance: 64,000 ohms maximum. 

Power: 1.8 watts DC; 9.8 volt-omps AC. 

Duty: Continuous AC or DC (DC coils will with- 
stond 10 wotts at 25°C). 

Insulation: Centrifugolly impregnated with high 
aquolity varnish. 

Movntings: 2 holes .187” diameter 17/g” 0.¢ 
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PR Relays Approved By Underwriters’ 

Laboratories & Canadian Standards Association 
Contact Contact 

Type Arrangement* Type Arrangement* 
PRIAY SPST-NO PRSAY SPDT 
PR2AY SPST-NC PRT7AY DPST-NO 
PR3AY SPDT-NO-DM PRBAY DPST-NC 
PR4AY SPDT-NC-DB PRIIAY DPDT 
These relays ore available in any of the following 
operating voltages: 6, 12, 24, 48, 115, 208, 230, 
or 440 volts 50/60 cycles AC 


The contocts ore rated at: 13 amps, 115 volts AC 
6.5 amps, 230 volts AC. 1} hp for 115 or 230 volt 
AC motors. Any relays deviating electrically or 
physically from these stondord models wil! not 
carry U/L or CSA approval 


*Read: NO normally open, NC normally closed, 
DB double break, DM double make 


? & B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTIER & BRUMFIELD JING. 


PRINCETON, INDIANA + SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
CIRCLE 114 ON READER-SERVICE CARD 
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Model 
SJSHLX7-1CC 


This damping type motor 
tachometer is less than 
2-inches long, but offers a new 
high in performance for a size 
10 frame. Minimum stall 
torque is .5 in.-oz.; the high 
output gradient is .500 volts 
per thousand rpm and operat 
ing temperatures range from 
-54°C to +105°C. Standard 
models wound for 30 volts, 
400 cycles. Variations to order. 


Write EAD for Complete data 


. 375 CENTRAL AVENUE 
CVICES, inc. DOVER, NEW HAMPSHIRE 
CIRCLE 115 ON READER-SERVICE CARD 


CHEMICAL AND PETROLEUM ENGINEERS 
ELECTRONIC ENGINEERS 

PHYSICISTS 

COMPUTER ENGINEERS 


DIGITAL COMPUTERS 
FOR PROCESS CONTROL 


The Thompson-Ramo-Wooldridge Products Company 

is seeking engineers and scientists to participate in the 
design and application of digital computer systems for the 
control of manufacturing processes, especially in the 
petroleum and chemical industries. Staff members work 
on a variety of processes, studying various control 
problems and synthesizing control systems which take 
into consideration the complex factors governing optimum 
process operation. Applicants holding advanced degrees 
in engineering, physics, or chemistry are preferred. 


T hose interested are invited to write to the 
Director of Engineering, 
THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 
POST OFFICE BOX 45067, AIRPORT STATION, LOS ANGELES 45, CALIFORNIA 
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Remote Control Pays Off 


From An Integrated | 
trol Svstem for [ t 
ing Station by H 

¢ N rthrup Cr 


It reduce 
werng the manpovw 
reduce the initia 
by climinating th 
personnel, ind 
through the use of 

At the station 
control system, 1 
ply, operates to 
output without 
limitations of the eql 
visory controls at th 
ter permit tarting 
tation pumps as well 
points. Going a step 
tion can be arranged 
line automatically 
nomical contribution to the operati 
will result I'clemetering equipment 
also part of the system, provid the 
dispatch center with tual station 
operating conditions 





NEW BOOKS 


A Fresh Approach to Feedback 3 . AV + it 


FEEDBACK CONTROL SysTrems,. Ott 


|. M. Smith, Professor of Electrica! 
Engineering, University of Cali 
fornia, Berkeley. 694 pp. Published 

by McGraw-Hill Book Co., In 

New York, 1958. $13.50 

While it i ilway a pl isur ) PROVIDE THE ACCURATE #; 


find a book which present 


pica akaadiiag stud ielaicies os POSITIONING ESSENTIAL FOR _ 
vast ar riginal ideas a NUMERICAL CONTROL 


Beaver Precision ball lead screws 
on all three axes provide the basic 
measuring and actuating elements 
which simplify the design of* this 
tape controlled milling machine. 

Beaver ball screws move table 
of this Bridgeport Mill in response 
to signals from the _ Electronic 
Control Systems, Inc. “Digimatic”’ 
control and are typical of those 
now in use on numerically con- 
trolled machine tools of all types. 

If it’s numerically controlled, 
tape or card, it is more than likely 
equipped with Beaver ball screws. 
Our engineers are available to 
you for consultation — can we help 
you improve the design of your 
equipment? 
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ignal, and 
1 deep understanding of the interr 
lations among open-loop and closed 
loop performance characteristic 

he book is divided into fou part 
linear analysis, linear synthesis, stead 
state nonlinear analysis, and nonlinear 2 
synthesis. Written at the level of the 
beginning graduate student already 5 
familiar with basic methods of linear i 
vstem analysis, the text could also eaver 
be used satisfactorily as a sequel to 


anv of the numerous introductory : al i od FY [0] 4 | 
ervo texts 
The remarkably novel coverage of Droducts 
INC. 


the book is best illustrated by listing a 
everal topics specifically covered here a CLAWSON, MICH. 


and not ordinarily discussed in other, 
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NEW BOOKS 


comparable texts. For example, in the 
second part, the author includes a 
brief discussion of 1) AGC systems, 
vith analysis based on linearization in 
the vicinity of the operating point, 

distributed parameter ystems 
including a detailed discussion of the 
posicast control of lightly damped 
ystems, as described in earlier paper 
by the author multiloop systems, 
ncluding those with model feedback 


se Transfer Many Thermocouples § irish sess. Ba 
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control system nvolving both 


With T-E Quick-Coupling Connectors and Panels ~ nt ind low-power transducer 
ie «thire art tau det 

Connector Panels T-E has one for your exact needs. These panels provide flexible, liscu } multil v f 
centralized control in transferring any number of thermocouples to indicating, multi- i en Oe Eevee aon He 
point recording and controlling pyrometers. Ideal for patch ponel use, they are tions in the generalization t » 
available in many compact shapes and sizes — with interchangeable plugs and jacks tem analysis, an n includ d 
in 1-C, C-C, and C-A. A panel for 48 thermocouples and 16 pyrometers measures only 
13%,” x 7%”. Polarity markings and screw-fastened connections make wiring easy. 
Quick-Coupling Connectors These connectors permit fast, easy making and 
breaking of thermocouple circuits. Durable construction guarantees long, dependable ‘ . P - 
usage. Polarized and mechanically interchangeable, all plugs and jacks are of me Op! analyti aun) 
standard matched thermocouple materials. Spring-loaded contacts with long wiping ection provides a ler 
surfaces provide firm but easily broken connections. 


mention of multiplicative nonlin 
tic ilthough, through no fault 
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he author, very littl 


predictor ontrol 
Write for Bulletin 23 — B. tems, although litt 
justification for the 


Thermo Electric (0..Inc. | i age gg 


oncludes with 


SADDLE BROOK, NEW JERSEY gees ale ; 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. ng Aig si pce 
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the effects of modul 
the critical frequencies of t 
network transfer function 

While the reader familiar with the 
typical introductory book 
occasionally become alarmed by the 
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COMPUTER ENGINEERS 


Positions are open for computer engineers cap- 
able of making significant contributions to 
advanced computer technology. These positions 
are in our new Research Center at Newport 
Beach, California, overlooking the harbor and 
the Pacific Ocean—an ideal place to live. These 
are career opportunities for qualified engineers 
in an intellectual environment as stimulating as 
the physical surroundings are ideal. Qualified 
applicants are invited to send resumes, or 
inquiries, to Mr. L. T. Williams. 





inconventional terminology of th 
iuthor, such a minor difficult 
perhaps unavoidable when the author 
xpands the breadth of viewpoint to 
the extent here, where conventional 
inalysis techniques are presented in 
many cases as facets of more general 
ipproaches to the understanding of 

tem behavior The Q or more 
problems included with each chapter 
and the bibhographies listing major 
references of interest are important 
ispects of the book, all too often 
omitted by other author This is an 
important contribution te works on 
analysis and synthesis of feedback 
control systems 
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Areas of Interest: 
Computers & 

Data Processors 
Input/Output Equipment 
Storage Units 
Display Devices 
Computer Components 
Solid State Devices 
Electromechanical 

Equipment 


Positions Open: 
Systems Engineers 
Logical Designers 
Programmers 
Circuit Engineers 
Mechanical 

Engineers 
Applications 

Specialists 
Sales Engineers 


John G. T ruxal 


On Using Static Switches 
Static Control APPLICATION 
Manuva. Prepared and published 
by GE’s General Purpose Control 
Dept. 152 pp.,_ illu Available 
through the General Electric Co., 
Schenectady 5, N. Y. $5.00 
Now in its third edition, this 84 by 

11 paperbound application manual 

discusses the fundamentals of static 

switching and tells the practicing en 
ginecr why, when, and where to use it 
in general purpose applications 
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AERONUTRONIC SYSTEMS, INC. 


a subsidiary of Ford Motor Company 
1234 Air Way + Bldg. 28, Glendale, Calif. « CHapman 5-6651 
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WHAT'S AHEAD: MEETINGS 


NOVEMBER 


International Conference on Astronau- 
tics, sponsored by Southwest R 
earch Institute and Ajir_ Force 
School of Aviation Medicine, San 
Antonio, Texas Nov. 10-13 


Institute of Radio Engineers, North 
east Electronics Research and Engi 
neering Meeting, Mechanics Hall 
Boston, Ma Nov. 19-20 


Eleventh Annual Conference on Elec- 
trical Techniques in Medicine and 
Biology, sponsored by IRE, AIEI 

nd ISA, Nicollet Hotel, Minneap 
Min Ni 19-2] 


Electronic Computer Exhibition & 
Symposium, Olympia Lon i 

Ni 51 

American Society of Mechanical Engi- 
neers, Annual Meeting, Statler H: 


tel New York Cit Nov. 30-De 


DECEMBER 


American Society of Mechanical Engi- 
neers, 23rd National Power Show, 
Coliseum, New York City 

Dec. 1-5 


Third Electronic Industries Associa- 
tion Conference on Reliable Electri- 
cal Connections, Dallas, Texa 


Dec. 2-4 


Eastern Joint Computer Conference; 
theme: Modern Computers—Obje« 
tives, Design and Application, Belle 
vue-Stratford Hotel, Philadelphia 

Dec. 3-5 


American Institute of Chemical Engi- 
neers, Annual Meeting, Nether 
lands Plaza, Cincinnati, Ohio 

] ( 7 ] ) 


JANUARY 


Institute of Radio Engineers, Fifth 
National Symposium on Reliability 
ind Quality Control, Bellevue 
Stratford Hotel, Philadelphia 

Jan. 12-14 


MARCH 


Western Joint Computer Conference; 
theme: New Horizons with Com 
puter Technology, Fairmont Hotel, 
San Francisco, Calif. Mar. 3-5 


Institute of Radio Engineers, 1959 
National Convention and Exposi 
tion Waldorf-Astoria Hotel and 
New York Coliseum, New York 

Mar. 23-26 
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UNDER CONTROL 
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AT YOUR ee Y | GUAR DIAN 


FRANCHISED 
DISTRIBUTOR 


* 


Res 
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M.E.R. STEPPER 


Micro-Miniature 
IR-1005 RELAY 


GS UAR D IAN the popular ‘buy word” for 


relays, steppers, switches and solenoids. All types with all 

physical and electrical characteristics are immediately available 

from stock at your nearby Guardian Franchised Distributor 

Being the foremost industrial distributors of electronic products 

they are betfer informed and equipped to supply your control 

needs. Contact any one listed below. Get experimental and 

prototype units, or quantities to start and sustain your production 2200-U RELAY 


EAST 
Cramer Electronics inc. Radio Specialties Inc. 
811 Boylston, Boston 16, Mass. 456 Chorlotte, Detroit, Mich. 
Rochester Radio Supply Co. Graham Elect. Supply, Inc. 
600 E. Main, Rochester 5, N.Y. 122 S. Senate, Indianapolis, Ind. 
Arrow Electronics Inc. Newark Electric Company 
525 Jericho Turnpike 223 W. Madison, Chicago 6, Ill. 
Mineola, L. |., New York N.W. Radio & Elect. Supply Co. 
Federated Purchaser 52 S. 12th, Minneapolis, Minn 
1021 U. S. Rte. 22 Interstate Supply Co. 
Mountainside, New Jersey 4445 Gustine, St. Lovis 16, Mo 
Electronic Ind’l. Sales Inc. Burstein-Applebee Company 
2345 Sherman N.W., Wash. 1, D.C, 1012 McGee St., Kansas City, Mo. . 
Herbach & Rademan inc. SOUTHWEST m 1410 
1204 Arch, Philadelphia 7, Pa Busacker Elect. Equip. Co. POWERLOID 
Cameradio Company 1216 W. Clay, Houston 19, Texas = 
121 Penn, Pittsburgh 22, Po Contact Electronics Rs «< 


SOUTH 2403 Farrington Dallas 7, Texas ™ <G 

: Radio, Inc. . 
Dalton-Hege Radio Supply Co. ’ pe 
912 W. 4th, Winston-Salem, N.C, 1000 S. Main, Tulsa 19, Okla. —- 3e } 


FAR WEST 
Newark Electric Company 
4747 W. Century Bivd. im RC-100 
Inglewood, California RATCHET RELAY 
121 S. Water, Tampa, Florida Andrews Hardware 

MIDWEST : 
btn nies Ginn. 6 We 334 South Main Street CANADA 

ect. supply Co. Los Angeles 13, Calif. 

2115 Prospect, Cleveland 15, O. Pacific Wholesalers A. C. Simmonds & Sons 
Mytronic Company 1850 Mission Street 100 Merton Street 
2145 Florence, Cincinnati 6, O. Toronto, Ontario, Canada 


Specialty Distributing Co. 
763 Juniper, Atlante 8, Ga. 
Thurow Distributors 


San Francisco, Calif. 


IN STOCK at Your Nearby Guardion Franchised Industrial Distributor + Write for details 


GUARDIAN WY ELECTRIC 


MANUFACTURING COMPANY 
1623 W WALNUT STREET, CHICAGO 12 ILLINOIS 
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WHAT'S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make 
important reference-type editorial material available to 
ConTROL ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are “pack- 
ages’ —several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in fag: order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on di 


CONTROL TRANSMITTER 


CLASSIFIED ADVERTISING 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale 


“OPPORTUNITIES” 


DISPLAYED RATE 
The advertising rate is $19.10 per inch for 
all advertising appearing on other than con 
tract basis. Contract rates quoted on request 
UNDISPLAYED RATE 
Not ovailable for equipment advertising 
$1.80 per line 
advance 
to a line 


minimum 3 lines To 
payment count 5 


figure 


average words 











First-Hand Report on Control Inside 
Russia, November 1958, 1¢ \ team of 
14 U.S. control engineers representing th 
Ameri Automatic Control Council re 
ports on the status of automatic control 
n Russia. Each expert gives impressic of 
in his field of interest based on 
visits to Russian er plants research 
facilities. 4 


16 pp. A staff 
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Electronic Process Control Systems, No 
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Reprint Order Form 


Reprint 


Electronic Process Control Sy 
Report on Russian Control 
Calculating a Control Index 
Why Control System Bids Vary 
Servo Design Techniques 
Flowmeters 
Applying Control Timers 
Control System Reliability 
Point-to-Point Positioning Systems—I, 
Point-to-Point Positioning Systems—III 
Point-to-Point Positioning Systems—II 
Ready Reference Data File 
Servo Modulators 
The Uses of Digital Computers 
Analysis Instrumentation—II 
Analysis Instrumentation—I 
Basic Data on Process Control 
How to Stimulate Dead Time 
Power Amplifiers 
Static Switching Devices 
Automatic Logging Systems 
Automatic Machining—A View and a Preview 
A Systems Analysis Predicts Performanc« 
Digital Application Series 
Programming Scientific Calculator 
Controlling a Process 
Analog-to-Digital C onverters 
Fitting the Digital Computer into Control 
Basic Digital Series 
Programming the Computer 


stem 


Wh & Wl 


Reader Service Dept., 
3930 W. 42 St., 


ConTrROL ENGINEERING 


New York 36, N. Y 


Name 


Address 


City & State 





Unit price 


$0.30 


+ 
$0.4 
5 
$0.1 
$0.65 
$0.50 
$0.50 
$0.20 
$1.50 
$0.40 
$0.50 
$0.50 
$0.65 
$3.00 
$0.60 
$0.60 
$0.50 
$0.15 
$0.50 
on S50 
$0.50 
$0.50 
$0.50 


COMPRESSORS 


VACUUM 
PUMPS 


WATER 
PUMPS 
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Send NOW for this FREE Ilustrated Catelog 
of Top Quality Items at Bargain Prices 
ROBAN SUPPLY CO.per. cE 

1139 S.WABASH AVE., CHICAGOS, ILL 





BEARINGS — 


Precision; 
Special Sizes, 


Miniatures; Stainless Stee); 


Tolerance & Construction. 


RAWAY BEARING CO 
4-8 Forsythe St. Walker 5-8150 N. Y. € 








PROFESSIONAL SERVICES 


Research @ Instrumentation 


Testing 
Management 
Economic Studies 


@ Control Systems 
@ Design 
@ Patents 
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REPRINTS cont'd 


How to Calculate a Control Earning In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in 
struments and controls, and reports on ex 
perience in applying thi method to three 
typical industrial processes. 30 cent 

Why Control System Bids Vary, Decem 
ber, 1957, 4 pp. A recurring demand 
forced the reprinting of this article Dea 
ing with the wide varian in bids that 

tems, the article explains why bids vary 
ind offers guides to help in picking a sup 
plier in competitive bidding. 15 cent 

Servo Design Techniques, 32 pp. A rr 

related articles describing 


hanical 


ilculating | 
dual-mode 
y pa kaged 
resolvers with 
mn her f en 
What's Available in Flowmeters ; 
\ nprehensive verage of positive dis 
ity, and mass flowmeters, 
ti ipplications, and 
acturers; plus details of a 
pecial drag disc meter. 50 cent 
Selecting and Applying Control Timers, 
pp. A compilation of four articles 
| t ur de ription of timer 
riteria for selecting and 


1] manut 


tabular listing 

and their chara 

ind technique ( istom-design 
ve f at A ensbtin 


What the Control Engineer Should 


Know About Reliability, Apri] 1955, 8 pp 
Not intended as a comprehensive treatise, 
rather as a guide to aim the control 
the right direction, this staff 
liscusses the new con ept 
; effectiveness, and briefly covers 
techniques for measuring reliability, pre- 
dicting reliability, improving reliability, 
and costing reliability. Up to date refer 
ence sources are listed. 20 cents 
Survey of Numerically-Controlled Point- 
to-Point Positioning Systems, 72 pp. This 
omplete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
are discussed. Itidividual parts of series are 
ilso available as listed below. $1.50 
Survey of Numerically-Controlled Point 
to-Point Positioning Systems—III, March 
1958, 16 pp. Includes detailed descrip 
tions of nine machine tool control sys- 
tems. 40 cents 
Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—II, Febru- 
ary 1958, 24 pp. Includes detailed de 
scriptions of ten machine tool control sys 
tems » cents 
Ready Reference Data Files, 24 pp. A 
must for every control engineer's library 
Includes the first 12 data files published 
in Controt ENGINEERING—a diversity of 
topics, from system reliability through the 
ost of industrial temperature-measuring 
ystems. Each one gives a method of solv 
ing a particular problem. 50 cents 
Servo Modulators—Their Application, 


os 
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STEVENS 


INCORPORATED 


ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 


CHOPPERS 


Eleven types, 
both single and 
double pole. 


Long life. 
Low noise level. 
Extreme reliability. 


Write for Catalog. 
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FULLY 
REVERSING 
ELECTRICAL 
DIFFERENTIAL DRIVES 


Full Rating, Full Torque at Zero Speeds « Fast 
Response ¢ Low Drive Inertia ¢ Zero Backlash 


Electrical Differential Drives 
are part of the family of SPECON 
variable speed drives and differ- 
ential transmissions designed 
and produced by Stratos. They 
utilize a motor-generator com- 
bination electrically coupled in 
a closed loop and mechanically 
coupled to a double differential 
gear box. 

The entire output range, from 
0 to max. r.p.m, is accomplished 
by operating the two DC 


machines at a maximum 
variation of 2:1. 

These drives are suited for in- 
stallations requiring fully revers- 
ing feature (EDD type) and for 
winding applications where a 
large build-up occurs (EDW 
type). For complete information, 
(including capacity charts and 
output speed regulation), on 
Electrical Drives, Mechanical 
Differential Transmissions, and 
Gear Boxes, write to: 


Stratos Industrial Products Branch 
#42, Route 109, West Babylon, N.Y. 


Turbo-Expanders and Compressors + Pneumatic Pressure Regulators 


* SPECON Variable Speed Drives and Transmissions 
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Avoid false 
test results with 
GLENNITE 
internally 
ungrounded 
accelerometers 


can avoid one of the majo 
false test results - 
“ground loop” voltages by using im- 
ternally ungrounded GLENNITE acceler- 
ometers. 


Now you 


causes of spurious 


These units contain sensitive seismic 
from the 
mounting stud by rugged ceramic insu- 
lation. You can employ a single 
ground at the data handling or record 
ing equipment by using a combination of 
these accelerometers with ungrounded 
GLENNITE amplifiers and filters. 


elements internally insulated 


point 


avail- 
wide 


GLENNITE accelerometers are 
able in uni- and triaxial models 
acceleration and temperature ranges. 

A complete line of associated un- 
grounded electronic equipment include 
filters, amplifiers, connectors and othe 
related units. 

For complete data on Gulton instru- 
mentation systems grounded or un- 
grounded — contact your local Gulton 
representative or write us direct. 





Call in Gulton 


From transducer to readout, Gulton is 
capable of meeting all your instrumen 
tation needs. If you have a measure 
ment problem, why not call in a Guiton 
instrumentation Engineer. His broad ex 
perience in shock and vibration meas 
urement can prove invaluable to you 











GULTON INSTRUMENTATION DIVISION 
Gulton 
industries, 
inc. 


Metuchen, 
New Jersey 
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REPRINTS cont’d 


Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators 
Typical circuit diagrams, characteristics, 
and applications are given for each type, 
plus an 84-item bibliography and tables 
listing commercial units. 65 cents 
The Use of Digital Computers in Sci 
ence, ‘in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a period of two years as the Digita 
Application Series. Prominent authorities 
cover the application, programming, ove 
all system design, and commercial avai 
ability of digital computers in all phases 
of business, industry, and the military. $3 
Analysis Instrumentation — II — Refrac- 
tometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in 
cludes the second group of four article: 
of the Analysis Series. 60 
Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. Reprint 
f first 4 articles of Anz 


1CTal 


cents 
consist 


detailed discu ns of 
technique E-:mpha 
practical tiy 
echniques in 
eTit 

Basic Data on Process Control 
\ grouping of five articles on file 
ontrol, including: Basic Con 
back Control, Selecting Loc I 
Control, Direct or Reverse Contr 
Actions, Modifving Valve Characteristi 
to Fit the Proce and Using Capacitan 
for Accurate Level Measurement. Pra 
tical information for every pre 
ngineer. 50 cent 

How to Simulate Dead Time, 
Three tricky te 
dead time or transport lag. One 
tronic, another pneumatic-me 
and the third uses magnet tape 
ful reference for 
erned with imulation. 15 cent 

Transistor and Thyratron Power Ampli 
fiers, 28 pp The S¢ 
transistors and two on thyr 
prompted by the increasing 
plication of transistors as | 
fiers and thyratrons as 
fiers. In each case the emphasi l 
practical application, circuit design, 
stabilization, etc. 50 cents 

Static Switching Devices—New ‘Tools 
for Industrial Control, May 1957, 28 pp 
An independent consultant analyzes the 
omplete field of industrial static-switch 
ing systems. Starting off with a review of 
basic switching logi he ircuit 
characteristics of the fundamental devices 
ommercially-available systems, actual ap 
plications, etc. 50 cent 

A Functional Analysis of 
Logging Systems, February 1956, 16 pp 
An examination of the variou 
and equipment used in performing the 
eight functions in a generalized automatic 
logging system: transducing, scale-factor 
correction and linearizing, derivation of 
quantities, scanning, analog-to-digital con 
version, programming and control, alarm, 
and recording or logging. 50 cents 
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ARQUAROT 


Professional Personnel 
Re quisition 


JET ENGINE 
CONTROLS ENGINEER 


Experienced in pneumatic 


hydraulic, 


Should 


be well grounded in servo and sys 


or electro-mechanical controls 


tems analysis 


Requires ability to develop appro 
priate testing criteria and ability to 
supervise fabrication and test opera 
tions for fuel metering devices, inlet 


diffusers, fuel injection nozzles and 


control sensors. 


Will work with small 
ized group on hypersonic engine proj 


highly special 
ects, including advanced ramijets and 
nuclear ramiets 


Your project group will use the ex 
tensive facilities of the Mar 
Jet Testing Laboratory 


yvard?t 


Contact Jim Dale, Manager 

Professional Personnel 
Marquardt Aircraft Co 
16557 Saticoy Street 
Van Nuys, California 
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r flow problems as relate 
f We prefer a B.S 
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ELF Send resume 


CDC CONTROL SERVICES, Inc. 
400 SOUTH WARMINSTER ROAD 
HATBORO, PA 
OSborne 5-4100 
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ON PAGES 183-185 
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\ The Advertisements in this section include all employment opp 


EMPLOYMENT OPPORTUNITIES 
\ COVERAGE tive, management, technical, selling, office, skilled, manual, et 


Position Vacant Civil Service Opportunities Employment Agencies 
S ‘) Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


DISPLAYED ——— RATES ——— UNDISPLAYED 
The advertising rate ig $21.80 per inch for all adver $1.80 per line, minimum 3 lines. To figure advance 
tising appearing on other than a contract bas payment count 5 average words as a line 
Contract rates quoted on 


ired %&” vertically on @ Discount of 
0 inches to @ page f 4 conse 


Box Numbers counts a 
An advertising inch mea 10% if fu 
ums + Had 


column col 


Subject to Agency (% mission * hiert t Agency ¢ 


Send NEW ADS to Classified Advertising Div. of CONTROL ENGINEERING, P. 0. Box 12. N. Y 
for December issue closing November 3rd 








AUTOMATION 
CONTROL pees 
INSTRUMENTATION emer 


An Outstanding and Challenging Opportunity for the Properly Qualified * PROJECT 
Mechanical or Electrical Engineer 








The position of Supervisor—Automation and Instrumentation Applica- Engineers with communications 
tions at the new Central Research and Engineering Division is open. This “era ‘ 
position entails the analysis and design of Servo Mechanisms and Control and/or circuit design experi- 
applications for high speed production machinery in the fields of metal, 
paper, glass, and plastics as used in making packaging and canning con- 
tainers, and flexible packaging materials. These machines require hydrau- 
lic, pneumatic, and/or electronic control devices. 


ence are invited to join up with 


the fast-moving. forward-think 





ing team of Lear, Inc. 
The qualifications for the position include a minimum of a bachelor’ 
degree in mechanical or electrical engineering; five years of industrial 
experience in control and instrument applications; a facility in the use of 
mathematics, electrical circuitry, and machine design; and a record of 
aggressive pursuit of research and development objective Advanced advancement and greater re 
degrees are desirable and will be given preference 


Unlimited opportunities for 





sponsibilities at project-director 
Staff members are encouraged to promote their professional stature by 
active participation in their professional society at the local and national 
level. Research facilities of the Company’s new Chicago laboratories are 
believed second to none, and are located so as to allow staff members to 
live in some of the finest western and southern suburbs of the city. Salary engineers. 
ind other benefits meet the highest industrial standards 


levels are available to creative 


minded, experienced electronic 


Please write, giving a brief resume of qualification 
: P . . Lear, for twenty eight years 
Associate Director of Research - Engineering 


Central Research and Engineering Division pioneer in aircraft radio com 


CONTINENTAL CAN COMPANY munications and navigation 


7622 So. Racine Ave. Chicago 20, Illinois equipment, automatic flight con 





trols and flight indicators, is now 


MECHANICAL ENGINEERS forging ahead in the Missile 


DEVELOPMENT ENGINEER Satestes to 088,000.00 Space field. If you would like to 


MISSILES work close by the shores of the 


blue Pacific on diversified elec 





tronic projects, write 


z ij ur 
B.8.M.E. pret 


CDC CONTROL SERVICES, Inc 
100 SOUTH WARMINSTER ROAD 
HATBORO, PENNSYLVANIA 
OSborne 5-410¢ 


Mr. LEW PECK, Manager 
MONARCH PERSONNEL 


28 Gaet Jaden Givd. Chicago 4, Milncle Industrial Relations, Dept. C-118 








MANUFACTURER'S REPRESENTATIVE MANUFACTURERS’ REPRESENTATIVES LEAR, INC. 
AND SALESMEN 
Top line of wasn Eee switches and im- Already selling to the machine, 3171 SOUTH BUNDY DRIVE 


pulse counters. Good commission, several protected Aviation & electronic industry 
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EMPLOYMENT OPPORTUNITIES 








ELECTRICAL OR MECHANICAL ENGINEERS 


FOR 


Naval Nuclear Power Plant Development 


The Central Technical Department 
of Bethlehem’s Shipbuilding Divi- 
sion, an experienced organization 
recognized for its technical achieve- 
ments, offers unusual opportunities 
for engineers qualified to partici- 
pate in our nuclear power program. 


Control Engineers: Development of 
control, instrumentation, and 
monitoring systems, and func- 
tional arrangement of control 
and operating stations. 


Electrical Engineers: Overal] de- 
sign of electric power system, 
systems analyses, and develop- 
ment of installation details for 
special applications. 


Please address your resumé to: 


Minimum qualifications for these 
positions are: 


1. B. S. in electrical or mechan- 
ical engineering 

2. Advanced study at a graduate 
level—preferably in electron- 
ics, servo-mechanisms or nu- 
clear engineering 
Four years experience in ma- 
rine or closely allied industry 

4. U. S. citizenship 


If you would make full use of your 
professional training in creative en- 
gineering, enjoy easy commuting 
and have convenient access to New 
England’s educational and recrea- 
tional facilities, you are invited to 
write to us. Your inquiry will be 
considered confidential and ac 
knowledged promptly. 


BETHLEHEM STEEL COMPANY 
Shipbuilding Division 
CENTRAL TECHNICAL DEPARTMENT 
Quincy 69, Massachusetts 
Attention C. H. Goldthwaite, Assistant Manager 








CONTROL SYSTEMS 
ENGINEERS 


An experienced engineer is required for 
work in our systems development group. 
He should possess an above average 
electronics background and from two to 
six years of experience in servo- 
mechanisms, infra-red, and missile guid- 
ance development. Advanced degree 
preferable, but will consider outstanding 
personnel with a B.S. degree. 


This is a challenging opportunity for 
qualified personnel to fully utilize their 
creative ability on highly diversified re 
search assignments while enjoying 
stimulating staff associations and re 
ceiving an excellent salary and liberal 
employee benefits. Professional de 
velopment is encouraged through publi 
cation of papers, participation in pro 
fessional activities and our education 
program providing for tuition-free grad 
uate study. 


If you can qualify for the position 
described. please send a complete 
resume to: 


A. J. Paneral 


ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 


10 W. 35th St. Chicago 16, Ill. 








Electrical 
Engineer 


Magnetic 
Amplifiers and 
related circuitry 


A al CRM HET 


Familiarity with measurement techniques in instrumentation 


and control applications. For projects in the field of 


Nuclear Reoctor Control and Servo systems for aircraft 


engines. Good scholastic background with 5 years experience 


preferably in military electrical equipment 


Physicist 


Instrumentation and Control 
for Nuclear Reactors 


He 


Knowledge of Nuclear Power Reactors. Interested in 


development of new measurement techniques and control 


concepts. Experience with System and Component Design 


Excellent growth potential with small rapidly 


expanding company located in suburban Western 


Connecticut. Relocation expense assistance 


Send resume and availability date to: 


Mr. J. B. Gregory, Manager of Personnel 


CONSOLIDATED CONTROLS CORP. 


Bethel, Conn. 





CONTROL ENGINEERING 


MARQUARDT 


Professional Personnel 


> »)f 
Re quirstl ion 


ELECTRICAL TEST 
FACILITIES DESIGN 
ENGINEER 


To design electrical equipment and 
installations for Marquardt Jet Lab 
oratory, the West's largest jet engine 
testing facility. Will plan and design 
equipment and facilities for testing of 
full scale ramjet engines, fuel sys 
tems, hydraulic-pneumatic controls and 
rotating accessories. Also assist in de 
sign and installation of test equipment 
controls and electronic instrumenta 
tion 


Potential for advancement to super 
visory position. Requires BS-EE de 
gree, plus three to five yeors appro 


priate experience 


Contact Jim Dale, Manager 
Professional Personnel 
16557 Saticoy Street 
Van Nuys, California 


Marquardt scaiso 


VAN NUY 


NIA OGOEN UTAH 











New 
Opportunities 


SYSTEMS ENGINEERS 
and 


ELECTRONICS ENGINEERS 


with 2 to 7 years’ experience 
(EE, AE or Physics) 


These positions are with 
General Electric’s Ord- 
nance Department, con- 
tractor for some of the 
most complex weapons 
systems ever conceived— 
including POLARIS 
project fire control and 
guidance systems and 
TALOS handling and 
launching equipment. 
Based in Pittsfield, Mass- 
achusetts — heart of the 
Berkshire fishing and 
skiing country —the Ord- 
nance Department offers 
professional advance- 
ment in a winter and sum- 


mer vacation paradise. 


IM MEDIATE OPENINGS 
IN THESE AREAS 


© Systems Development 
Design and Development 


Fire Control Engineering 
Gunfire and Missile 
Electronic Circuit Development 
Inertial Components 
© Field Service and Evaluation 
* Quality Assurance 


* Field Testing 
(positions in Florida and California) 


Send resume in 
confidence to: 
Mr. W.5S. Fielding, 
Div. 22-MW 
ORDNANCE DEPARTMENT 


GENERAL @@ ELECTRIC 
Pittsfield, Mass. 





EMPLOYMENT OPPORTUNITIES 





Engineering Opportunities For: 


¢ SENIORS + DEVELOPMENT 
¢ PROJECT ~- DESIGN 


with E.E. or M.E. degree and appropriate design and 
development experience in gyroscopic instruments 
and controls, servo-mechanisms, or intricate pre- 
cision mechanisms, electrical or electronic devices. 
G/ability and growth opportunity with a leading avi- 
onics producer whose enviable achievement record 
for 28 years in the industry prompts expansion of our 
engineering staff in these areas of flight reference 
systems engineering: 
® MINIATURE RATE GYROSCOPES 
® GYRO STABILIZED PLATFORMS 
® VERTICAL GYRO INDICATING INSTRUMENTS 
© GYRO COMPASSES & SYSTEMS 
hese creative engineering positions in this advanced engineer- 
ing field afford the “plus” advantage of family living in one 
of the midwest’s most desirable residential cities with attractive 
housing, excellent schools, 2 university extension branches in the 
midst of Michigan’s fine recreational areas. 
EXPENSE-PAID INTERVIEWS 
WITH SELECTED APPLICANTS 
REASONABLE RELOCATION ALLOWANCE 
SALARIES COMMENSURATE WITH 
EXPERIENCE & ABILITY 


Send Resume To: Employment Manager 


LEAR, INC, 


110 1ONIA AVE., N.W. 
GRAND RAPIDS, 
MICHIGAN 

















OPPORTUNITIES 
AT 
ESSO RESEARCH AND ENGINEERING COMPANY 


Openings in the following areas: 


INSTRUMENT ENGINEERS 
E.E., M.E., or ChE. (B.S., M.S., PhD.) Application of instrumentation and automa 
tion techniques to all phases of petroleum industry operations. Opportunity for 
travel as consultants on new techniques and equipment applicatior Experience 
in instrumentation field required 


ELECTRONICS ENGINEERS 
E.E. or Physics (B.S., M.S., PhD.) Opportunity to create new instrumentation for 
basic and applied research on fuels and lubricants and their ena performance 
characteristics. Electronics experience required 
Give full details of education, experience, desired salary and references. All 
inquiries will be considered promptly and held confidential 


Address replies to: 


ESSO RESEARCH AND ENGINEERING COMPANY 
(Chief Technical Affiliate—Standard Oil Company—New Jersey 
Esso Research Center 
Employee Relations - H 
P. O. Box 175 
LINDEN, NEW JERSEY 
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EE SINE-COSINE 


Precision 
POTENTIOMETER-RESISTORS 


For resolution of voltage into sine and cosine components 
in accordance with positions of shaft rotation. 


TYPICAL APPLICATIONS: 


ANGLE DATA TRANSMISSION aS used in automatic controls, 





directional and ranging systems, analog computers, 


and telemetry 


PHASE Division aS used in investigation of phase sensitive 





systems, delay measurements, and timing appli ations. 


DATA CONVERSION 4S used in rotation of coordinates, or con- 
version from polar to rectangular coordinate form, for 


computers o1 data display applications. 


Potentiometers having sinusoid functions are available in 
3”, 2”, 174”, 114", 1144”, and 74” diameters. These potenti 
ometers are available with two sliders giving independent 
outputs, one proportional to the sine and the other to the 
cosine of the shaft angle. Multiple units may be ganged 
and phased for cosine function or for other applications 


such as rotation of coordinates. 


Precision in potentiometer-resistors feature wide tempera- 
ture range, excellent environmental stability, highly precise 


mechanical construction and electrical performance. 


Technical reports on the use of these units, and complete 


data are available on request. 


TECHNOLOGY INSTRUMENT CORPORATION 


523 Main St., Acton, Mass. P.O. Box 3941, No. Hollywood, Calif 
COlonial 38-7711 - POplar 5-8620 
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INSTRUMEN 


F & P’s expanded STANDARDIZED PROC- 
ESS INSTRUMENTS Program bridges that 
dark and gloomy gap between ordering and 
receiving. Long-term deliveries on indicators, 
transmitters, recorders, and controllers are 
nightmares out of the past! You can now get 
the process instruments you need when you 
need them. 

Quick-Shipment Catalog 2 lists 52 pages of 


standardized process instruments in a wide 


24 hours 


OBSTRUCTIONLESS « 
FLOW 


2 weeks 





RECORDER- 
CONTROLLERS 





variety of size 


handy 


catalog, witt accompanying price li bes enable 


and modifications. Thi 
you to place quick-shipment orders with any 
one of our conveniently located warehousing 
points ...at the main factory in Hatboro, Pa., 
at our warehouses in Chicago, Houston, Atlanta, 


Los A ngele 


Write for your copy of Catalog 2 today. 


and Toronto 


, 


Fischer & Porter Company, 818 County Line 


toad, Hatboro, Pennsylvania. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 
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